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Background of the Invention 

This invention relates generally to remote control systems, and in 
particular to remote control systems for seismic acquisition systems. 

Seismic acquisition systems are used to gather seismic data. Typically 



locations all around the world. Furthermore, seismic acquisition systems are 
commonly installed and operated on mobile platforms such as, for example, 
trucks, barges and boats. Existing seismic acquisition systems do not permit 
remote control and monitoring of the acquisition of seismic data. 



Umitations of the existing seismic acquisition systems. 

Summary of the Invention 
According to one aspect of the present invention, a method of dividing 
up a communication channel for use in a seismic acquisition system having 
20 M base stations and N sensors is provided that includes dividing up the 



are incorporated herein by reference. 



seismic acquisition systems are used to gather seismic data in remote 



15 



The present invention is directed to overcoming one or more of the 
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communication channel into M frequency bands and dividing up each 
frequency band into N+1 time slots. 

According to another aspect of the present invention, a method of 
dividing up a communication channel for use in a seismic acquisition system 
5 is provided that includes dividing up the communication channel into time 
slots including signaling and status bits, seismic information, and guard 
time. 

According to another aspect of the present invention, a method of 
transmitting information from a sensor to a base station in a seismic 

10 acquisition system is provided that includes listening for an open time slot, 
frequency, and sector, requesting use of the available time slot from the base 
station, if the base station is operating at full capacity, then reducing the 
overall data for the base station, and if the base station is not operating at 
fuU capacity, then capturing the open time slot and transmitting to the base 

15 station. 

According to another aspect of the present invention, a method of error 
correction in a communication system for a seismic acquisition system 
including a sensor and a base station is provided that includes transmitting 
data from the sensor to the base station and if the data includes errors, then 
20 retransmitting the data. 

According to another aspect of the present invention, a method of error 
correction in a communication system for a seismic acquisition system 
including a sensor and a base station is provided that includes transmitting 
data from the sensor to the base station and if the data includes errors, then 
25 requesting retransmission of the data. 

According to another aspect of the present invention, a method of error 
correction in a communication system for a seismic acquisition system 
including a sensor and a base station is provided that includes transmitting 
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data from the sensor to the base station, if the data includes errors, then 
retransmitting during non-active time. 

According to another aspect of the present invention, a method of 
transmitting information in a communication channel in a seismic 
5 acquisition system including a plurality of sensors positioned at different 
distance from a base station is provided that includes transmitting 
information from one of the sensors to the base station, and if the sensor is a 
nearby sensor, then adjusting the modulation in the communication channel 
to increase the data density. 

10 According to another aspect of the present invention, a method of 

transmitting information from a sensor to a base station in a seismic 
acquisition system having a plurality of communication channels is provided 
that includes selecting a channel for transmission from the sensor to the base 
station, if no channels are available, then waiting until a channel is 

15 available, if the selected channel is available, then transmitting the 

information from the sensor to the base station, if the selected channel is 
impaired, then selecting another channel, if all of the information has not 
been properly transmitted, then adjusting to a lower order modulation and 
transmitting a request for retransmission from the base station to the sensor, 

20 and if all of the information has been properly transmitted, then adjusting to 
a lower order modtilation and transmitting control information from the base 
station to the sensor. 

According to another aspect of the present invention, a base station for 
use in a seismic acquisition system is provided that includes a transceiver, 

25 one or more diversity antennas and one or more directional antennas. 

According to another aspect of the present invention, a method of 
selecting an antenna for transmitting information in a seismic acquisition 
system having a pluraUty of antennas is provided that includes determining 
the data density for each antenna, selecting the optimum antenna for 
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transmitting information, transmitting the information using the selected 
optimum antenna, and subsequently receiving information using the selected 
optimum antenna. 

According to another aspect of the present invention, a seismic 
5 acquisition system is provided that includes one or more sensors adapted to 
sense conditions and generate signals representative of the sensed conditions 
including a memory for storing the signals, a base station operably coupled to 
the sensors for receiving and transmitting the signals including a memory for 
storing the signals, and a recorder operably coupled to the base station for 
10 storing the signals. 

According to another aspect of the present invention, a method of 
communicating in a seismic acquisition system having sensors, base stations 
and a recorder is provided that includes storing data in the sensors, 
transmitting data from the sensors to the base stations, storing data in the 
15 base stations, and transmitting data from the base stations to the recorder. 
According to another aspect of the present invention, a seismic 
acquisition system is provided that includes one or more sensors adapted to 
sense conditions and transmit signals representative of the sensed 
conditions, one or more base stations operably coupled to the sensors adapted 
20 to receive and transmit the signals, and a recorder operably coupled to the 
sensors and the base stations adapted to receive the signals and transmit 
control information to the sensors. 

According to another aspect of the present invention, a seismic 
acquisition system is provided that includes a plurality of rows of sensor 
25 stations for sensing conditions and transmitting signals representative of the 
sensed conditions, a plurahty of base stations coupled to the rows of sensor 
stations for receiving and transmitting the signals, and a recorder operably 
coupled to the base stations for receiving the signals. 
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According to another aspect of the present invention, a wireless master 
sensor station is provided that includes a transceiver for transmitting and 
receiving information including a directional antenna, a control module 
coupled to the transceiver for monitoritig and controlling the operation of the 
5 wireless master sensor station, and a sensor modtde coupled to the control 
module for sensing conditions and generating signals representative of the 
sensed conditions. 

According to another aspect of the present invention, a sensor 
assembly is provided that includes a wireless master sensor station and one 

10 or more slave sensor stations operably coupled to the wireless master sensor 
station. The wireless master sensor station includes a transceiver for 
transmitting and receiving information including a directional antenna, a 
control module coupled to the transceiver for monitoring and controUing the 
operation of the wireless master sensor station, and a sensor module coupled 

15 to the control modvde for sensing conditions and generating signals 

representative of the sensed conditions. The slave sensor stations include a 
sensor module sensing conditions and generating signals representative of 
the sensed conditions. In a preferred embodiment, the wireless master 
sensor station further includes a data storage device coupled to the control 

20 module. 

According to another aspect of the present invention, a twisted pair 
sensor station is provided that includes a sensor coupling module for coupling 
the sensor station to a wireline connection, a control module coupled to the 
sensor coupling module for monitoring and controlling the operation of the 
25 sensor station, and a sensor module coupled to the control module for sensing 
conditions and generating signals representative of the sensed conditions. 

According to another aspect of the present invention, a sensor 
assembly is provided that includes a plurality of twisted pair sensor stations 
operably coupled to one another. Each twisted pair sensor station includes a 
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sensor coupling module for coupling the sensor station to a wireline 
connection, a control module coupled to the sensor coupling module for 
monitoring and controlling the operation of the sensor station, and a sensor 
module coupled to the control module for sensing conditions and generating 
5 signals representative of the sensed conditions. 

According to another aspect of the present invention, a picocell base 
station is provided that includes a first cellular transceiver including a first 
antenna, a second cellular transceiver including a second antenna, a third 
cellular transceiver including a third antenna, a radio transceiver including 
10 a radio antenna, a control module coupled to the first, second and third 
cellular transceivers and the radio transceiver, a first wireline interface 
coupled to the control modide, a second wireline interface coupled to the 
control module, and a third wireline interface coupled to the control module. 
In a preferred embodiment, the first wireline interface provides a dual 
asymmetric digital subscriber line. 

According to another aspect of the present invention, a picocell is 
provided that includes a first group of wireless master sensor stations 
adapted to collect and transmit data, a second group of wireless master 
sensor stations adapted to collect and transmit data, and a picocell base 
station coupled to the first and second group of wireless master sensor 
stations adapted to receive the data firom the wireless master sensor stations 
and transmit it to an external device. 

According to another aspect of the present invention, a seismic 
acquisition system is provided that includes a pluraUty of rows of picocells, 
each picocell adapted to collect and transmit data and a controller coupled to 
the picocells adapted to control and monitor the picocells and receive data 
fi:om the picocells. 

According to another aspect of the present invention, a method of 
communicating information between a base station and a plurality of sensors 
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in a seismic acquisition system has also been described that includes dividing 
the sensors into first and second groups of sensors, transmitting information 
from the base station to the first group of sensors using a first 
communication channel, transmitting information from the base station to 
5 the second groups of sensors using a second communication channel, and 

transmitting information firom the base station to the first and second groups 
of sensors using a third communication channel. 

According to another aspect of the present invention, a method of 
transmitting packets of information from sensors to a base station in a 

10 seismic acqxiisition system using a communication channel is provided that 
includes dividing the communication channel into a plxirahty of time slots 
including time slots for each of the sensors, wherein each sensor time slot 
includes time slots for transmission of the sensor identification, the sensor 
status, the information packet number, the information, and error detection 

15 information for the transmitted information. 

According to another aspect of the present invention, a seismic 
acquisition system is provided that includes a pluraHty of rows of picocells for 
collecting and transmitting data^ plurahty of mtdtiplexers coupled to the 
rows of picocells, and a controller coupled to the multiplexers and the 

20 picocells for recording the data, and monitoring and controUing the picocells. 
In a preferred embodiment, each picocell includes a first group of wireless 
master sensor stations adapted to collect and transmit data, a second group 
of wireless master sensor stations adapted to collect and transmit data, and a 
picocell base station coupled to the first and second group of wireless master 

25 sensor stations and the controller adapted to receive the data fi-om the 
wireless master sensor stations and transmit it to the controller. 

According to another aspect of the present invention, a seismic 
acquisition system is provided that includes a first pico cell for collecting and 
transmitting data, a second pico cell for collecting and transmitting data, a 
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multiplexer coupled to the first and second pico cells, and a controller coupled 
to the first and second pico cells and the multiplexer for monitoring and 
controlling the picocells and collecting and recording the data. 

According to another aspect of the present invention, a seismic 
5 acquisition system is provided that includes a plurality of pico cells having 
data storage and a controller coupled to the pico cells. 

According to another aspect of the present invention, a seismic 
acquisition system is provided that includes 

Brief Description of the Drawings 
10 Fig. 1 is a schematic illustration of an embodiment of a seismic 

acquisition system. 

Fig. 2 is a schematic illustration of an embodiment of a seismic 
acquisition system including a distributed wireless architecture. 

Fig. 3 is a schematic illustration of an embodiment of a time division 
15 and fi-equency division multiplexing system for a seismic acquisition system. 
Fig, 4 is a schematic illustration of a time slot for use in a time division 
multiplexing system for a seismic acquisition system. 

Fig. 5 is a flow chart illustration of an embodiment of a method of 
transmitting data fi*om a sensor to a base station. 
20 Fig. 6 is a flow chart illustration of an embodiment of a method of 

correcting errors in transmitted data. 

Fig. 7 is a flow chart illustration of an embodiment of a method of 
adjusting the modxilation scheme in a communication channel. 

Figs 8a and 8b are a flow chart illustration of a method communicating 
25 in a seismic acquisition system. 

Fig. 9 is a schematic illustration of an embodiment of a base station. 
Fig. 10 is a flow chart illustration of an embodiment of a method for 
selecting an antenna for communications in a seismic acquisition system. 
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Fig. 11 is a schematic illustration of an embodiment of a seismic 
acquisition system with distributed data storage. 

Fig. 12 is a schematic illustration of an embodiment of a seismic 
acquisition system. 

5 Fig. 13 is a schematic illustration of an embodiment of a seismic 

acquisition system. 

Fig. 14 is a schematic illustration of an embodiment of a wireless 
master sensor station for use in a seismic acquisition system. 

Fig. 15 is a schematic illustration of an embodiment of a master 
10 wireless sensor station and one or more slave sensor stations. 

Fig. 16 is a schematic illustration of an embodiment of a twisted pair 
sensor station for use in a seismic acquisition system. 

Fig. 17 is a schematic illustration of an embodiment of a twisted pair 
station and one or more slave stations. 
15 Fig. 18 is a schematic illustration of an embodiment of a picocell base 

station for use in a seismic acquisition system. 

Fig. 19 is a schematic illustration of an embodiment of a seismic 
accusation system including a plurality of pico cells. 

Fig. 20 is a schematic illustration of an embodiment of a time division 
20 multiplexing system for use in a seismic acquisition system.. 

Fig. 21 is a schematic illustration of an embodiment of a hierarchical 
multiplexed seismic acquisition system including pico cells. 

Fig. 22 is a schematic illustration of an embodiment of a hierarchical 
multiplexed seismic acquisition system including pico cells combined with 
25 wireline and wireless communication Hnks, 

Fig, 23 is a schematic illustration of an embodiment of a storage pico 
cell base station for use in a seismic acqidsition system. 
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Fig. 24 is a schematic illustration of an embodiment of a hierarchical 
multiplexed seismic acquisition system including storage pico cells combined 
with wireline and wireless communication Knks. 

Detailed Description of the Illustrative Embodiments 
5 Several alternative embodiments of a seismic acquisition system are 

provided that include wireless and wireline communication links. In several 
preferred implementations, the seismic acquisition system includes groups of 
sensors coupled to a base station to provide a cellular architecture for 
acquiring seismic data. In several other preferred implementations, the 
10 seismic acquisition system includes a hierarchical architecture. In this 
manner, the present disclosure provides a pluraUty of embodiments of 
systems for monitoring and controlling the acquisition of data that have 
application to data gathering generally. 

Referring initially to Fig, 1, a seismic acquisition system 100 includes 
15 one or more sensors 105, telemetry 110 and a recorder 115. 

The sensors 105 sense environmental conditions and generate signals 
representative of the sensed conditions. The sensors 105 are preferably 
coupled to the telemetry 110, The telemetry 110 transmits the sensor signals 
to the recorder 115. The telemetry 110 may include wireline, wireless and/or 
20 a combination of wireline and wireless communication hnks. The recorder 
115 is coupled to the telemetry 110 and records the sensor signals 
transmitted by the telemetry 110. 

Referring to Fig. 2, a seismic acquisition system 200 includes sensors 
205a-205f, base stations 210a-210e, recorder interfaces 215a and 215b, and a 
25 recorder 220. 

The sensors 205a-205f sense environmental conditions and generate 
signals representative of those sensed environmental conditions. The sensors 
205a-205f are coupled to one or more of the base stations 210a-210e. The 
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sensors 205a-205f may be coupled to the base station 210a-210e using a 
wireline or a wireless communications link. 

In a preferred embodiment, the sensors 205a-205f include a radio 
transceiver that is at least partially implemented in software. In a preferred 
5 embodiment, the software radio implementation includes the steps of 

digitizing the final IF using a wide bandwidth A/D converter; but not at a 
high interval. In particular, the sample interval is selected to meet the 
Nyquist criterion for the information bandwidth, but not the IF firequency. 
Thus, because the input signal is bandlimited, the undersampling aUases the 

10 IF fi'equency down to baseband. The final channel filtering, I and Q spHtting 
and demodulation is done completely digitally. In this manner, the radio 
hardware cost is limited and provides an optimal platform for adaptively 
changing the channel bandwidth, modulation scheme, and data rates. 
In a preferred embodiment, the sensors 205a-205f further include 

15 antennas 225a-225f. In a preferred embodiment, one or more of the antennas 
225a- 225f comprise active antenna arrays or active beamformers. In this 
manner, the capacity of the communication channels are optimized. In a 
preferred embodiment, one or more of the antennas 225a-225f comprise 
steerable antennas. In this manner, deployment of sensors 205 does not 

20 require aiming or positioning of the antennas 225a-225f. Instead, in a 

preferred embodiment, the antennas 225a-225f scan in 360° sector around 
the sensors 205a-205f and monitor the received signal strength to determine 
the direction of the base stations 210a-210e. 

The base stations 210a-210e are coupled to one or more of the sensors 

25 205a-205f and one or more of the recorder interfaces 215a-215b. The base 
stations 210a-210e receive the signals generated by the sensors 205a-205f 
and transmit them to the recorder interfaces 215a-215b, The base stations 
210a-210e may be coupled to the recorder interfaces 215a-215b using 
wireless communication lines 235a or wireline communication hnks 235b- 
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235e. In a preferred embodiment, the wireless communication link 235a 
comprises a pair of directional antennas. 

In a preferred embodiment, the base stations 210a-210e include a 
radio transceiver that is at least partially implemented in software. In a 
5 preferred embodiment, the software radio implementation includes the steps 
of digitizing the final IF using a wide bandwidth A/D converter; but not at a 
high interval. In particular, the sample interval is selected to meet the 
Nyquist criterion for the information bandwidth, but not the IF frequency. 
Thus, because the input signal is bandlimited, the undersampling aUases the 

0 IF fi:equency down to baseband. The final channel filtering, I and Q splitting 
and demodulation is done completely digitally. In this manner, the radio 
hardware cost is limited and provides an optimal platform for adaptively 
changing the channel bandwidth, modulation scheme, and data rates. 

In a preferred embodiment, the base stations 210a-210e further 
5 include antennas 230a-230e. In a preferred embodiment, one or more of the 

antennas 230a-230e comprise active antenna arrays or active beamformers. 

In this manner, the capacity of the communication channels are optimized. 

In a preferred embodiment, one or more of the antennas 230a-230e comprise 

steerable antennas. In this manner, deployment of base stations 210 does 
) not require aiming or positioning of the antennas 230a-230e. Instead, in a 

preferred embodiment, the antennas 230a-230e scan in a 360° sector around 

the base stations 230a-230e and monitor the received signal strength to 

determine the direction of the sensors 205a-205f. 

The recorder interfaces 215a-215b are coupled to one or more of the 

1 base stations 210a-210e and the recorder 220. The recorder interfaces 215a- 
215b receive the sensor signals firom the base stations 210a-210e and 
transmit the sensor signals to the recorder 220. 
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The recorder 220 is coupled to the recorder interfaces 215a-215b. The 
recorder 220 records the sensors signals received from the recorder interfaces 
215a-215b. 

In a preferred embodiment, the base stations 210a-210e are adapted to 
5 receive data signals from one or all of the sensors 205a-205f. In a preferred 
embodiment^ the seismic acquisition system 200 utilizes one or more of the 
following methods for distributing the communications resources of the 
system 200: (1) time division, (2) frequency division, (3) code division, (4) 
space division, and/or (5) polarization division. Furthermore, in a preferred 

10 embodiment, the method for distributing the communications resources of 
the system 200 will be different for each communication Unk. In a preferred 
embodiment, the seismic acqixisition system 200 utiUzes either a combination 
of time and frequency division or a combination of time and code division. In 
a preferred embodiment, the frequency range of the wireless transmission is 

15 within the 2.4 GHz to 2.4835 GHz band or the VHF band. 

Referring to Fig. 3, in a preferred embodiment, the seismic acquisition 
system 200 includes communication channels 300 that are divided into M 
frequency slots and N time intervals. In this manner, the communication 
channel 300 is divided up using a combination of time division and frequency 

20 division. 

Using the communication channel 300, during operation of the seismic 
acquisition system 200, the first sensor transmits data in slot number 1, the 
second sensor transmits in slot number 2, and so on through sensor N 
transmitting in time slot M. The reverse link slot is preferably used for 
25 transmission of timing and control information to aU sensors. In a preferred 
embodiment, as data rates increase or decrease, the sensors seize multiple 
time slots as required to support throughput requfrements. In a preferred 
embodiment, the number of time slots per sensor is also dynamically 
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unbalanced. In this manner, the retransmission of erred samples is 
optimized. 

In a preferred embodiment, the communication channel 300 is divided 
up between uplink and downlink using time division duplex. In this manner, 
5 variations in the amount of information that travels to or from the sensors 
can be dynamically adjusted by the system 200. 

In an alternative embodiment, the communication channel 300 is 
divided up using a combination of time division and code division. In this 
alternative embodiment, the spreading bandwidth preferably is equal to the 
10 total occupied bandwidth of through Fjj. 

In an alternative embodiment, a combination of code and frequency 
division is used in order to fully utilize the allocated frequency band. 

Referring to Fig. 4, in a preferred embodiment, the seismic acquisition 
system 200 includes time slots 400 that include signaling and status bits 405, 
15 seismic information 410, and guard time 415. In this manner, the time slot 
400 includes both seismic data and signaling and status bits. 

In a preferred embodiment, the determination of channel assignment, 
time slot and frequency is determined and controlled by the sensors 205. In a 
preferred embodiment, as illustrated in Fig. 5, the determination of channel 
20 assignment, time slot and frequency is coordinated through an initiahzation 
program 500 executed by the base stations 210 and the sensors 205. 

In program step 505, a sensor 205 with data to send listens for an open 
time slot, frequency and sector. Once the sensor 205 locates an open time 
slot, the sensor 205 requests use of the slot from the base station 210 in 
15 program step 510. If the base station 210 is afready operating at full 

capacity, the base station 210 may reduce the overall data rate from the 
sensors 205 that the base station is afready communicating with in program 
steps 515 and 520. If the base station 210 is not afready operating at full 



H-155836.1 



Page 15 of 69 



Attorney Docket No, 14737*722 



PATENT 



capacity, then the sensor 205 captures the open time slot and transmits to 
the base station 210 in program steps 515 and 525. 

In a preferred embodiment, during operation of the seismic acquisition 
system 200, errors in transmission are corrected by coding and/or 
5 retransmission. In a particularly preferred embodiment,^during operation of 
the seismic acquisition system 200, errors in transmission are corrected by 
retransmission. 

In a preferred embodiment, as illustrated in Fig. 6, during operation of 
the seismic acquisition system 200, errors in transmission are corrected by a 

10 retransmission program 600. In particular, after the transmission of data in 
step 605, the system 100 checks for errors in transmission in step 610. If no 
errors in transmission are detected, then the transmission ends in step 615. 
If errors in transmission are detected in step 610, then the system 100 
implements one of the following methods of retransmission: (1) at the end of 

15 the frame, retransmit the samples that contained the errors in step 620; (2) 
wait until the end of the record and then request retransmission in step 625; 
or (3) store the erred packets of data and later retrieve them in non-active 
time for retransmission in step 630. 

In a preferred embodiment, as illustrated in Fig. 7, the system 100 

20 implements a rate adaptive modulation program 700 in order to optimize the 
overall system data density. In particular, in step 705, the system initiates 
the transmission between the base station 210 and a sensor 205. If the 
sensor 205 is a nearby sensor, then the modulation method is adjusted in 
steps 710, 715 and 720 to provide more data during transmission. For 

25 example, adjusting the modulation scheme from QPSK to 16-QAM. If the 
sensor 205 is not a nearby sensor, then the transmission continues in steps 
710 and 720, In this manner, the modulation is adapted, based upon the 
location of the sensor 205, to optimize the system data density. 
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In a preferred embodiment, during operation of the system 200, as 
iUustrated in Figs. 8a-8b, the system 200 implements a communication 
program 800 in order to optimize the transfer of data from the sensors 205 to 
the base stations 210. The sensors 205 continuously monitor the radio 
5 spectrum and maintain a log of the available channels, sectors and base 

stations in steps 805 and 810. Once, the sensors 205 have data to transmit, 
the sensors 205 then select a channel for transmission in steps 815 and 820. 
In a preferred embodiment, the channel selected in step 820 is preferably a 
channel between the sensors 205 and the closest available base station 210. 
10 In step 825, the sensors 205 determine if the selected channel is available. If 
the selected channel is not available, then the sensor waits until it is 
available in steps 825 and 830. If the selected channel is available, then the 
sensors 205 transmit to the selected base station 210 in step 835. During 
transmission, if the selected channel becomes impaired, then the sensors 205 
15 select another available channel in steps 840 and 845. If the selected 

channel is not impaired and the end of the data record has not been reached, 
then the sensors 205 continue with transmission in steps 850 and 835. Once 
the end of the data record is reached, the base station 210 determines if any 
erred data samples have been transmitted in steps 850 and 855. If erred 
20 data samples have been transmitted, then the base station 210 adjusts to a 
lower order modulation level and requests retransmission of the erred data 
samples in steps 855, 860 and 865. If no erred data samples were 
transmitted and the base station 210 has synchronization and/or timing 
information to transmit, then the base station 210 adjusts to a lower order 
25 modulation level and transmits the synchronization and/or timing 

information in steps 870, 875 and 880. If no erred data samples were 
transmitted and the base station 210 does not have synchronization and/or 
timing information to transmit, then the transmission ends in steps 870 and 
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In a preferred embodiment, the synchronization and timing 
information transmitted from the base station 210 to the sensors 205 in four 
time slots that are allocated to the downhnk in each frame. In a preferred 
embodiment, broadcast information is sent on the same channel for all of the 
5 , sensors 205 or, alternatively, individually addressed messages are sent on 

separate channels. In a preferred embodiment, the same operating frequency 
is used for the uplink and downlink in order to optimally provide a duplex 
communication path. 

Referring to Fig. 9, a preferred embodiment of a base station 900 for 

10 use in the seismic acquisition system 200 will now be described. As 

a illustrated in Fig. 9, the base station 900 preferably includes a transceiver 

905, a plurahty of diversity antennas 910a and 910b, and a microwave 

antenna 915. In a preferred embodiment, the base station 900 includes 6 to 

12 sectors. In a preferred embodiment, the communication path provided by 

15 the microwave antenna 915 is backed up by a wireHne connection. In a 

preferred embodiment, the beamwidth of the diversity antennas 910 are 

selected such that 100% overlap is provided between adjacent sectors. In this 

manner, optimum coverage redundancy, capacity and reliability are 

provided. In a preferred embodiment, the base station 900 dynamically 

20 aUocates data capacity from lightly used sectors to heavily loaded sectors. In 

this manner, the transmission of data is optimized. 

In a preferred embodiment, as illustrated in Fig. 10, during an uphnk 

transmission from the base station 900 to a sensor 205, the base station 900 

executes an antenna selection program 1000 to determine the optimum 

25 diversity antenna 910 for transmission. During an uphnk transmission from 

the sensors 205 to the base station 900, the base station determines the data 

density for each diversity antenna 910 in step 1005. The base station 900 

then selects the optimum diversity antenna 910 for continued transmission 

in steps 1010 and 1015. Once the uphnk transmission has ended, the base 
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station 900 then uses the selected optimal diversity antenna for the downlink 
transmission from the base station 900 to the sensors 205 in step 1020. In 
this manner, the base station 900 uses the optimum diversity antenna 910 
for the uphnk and downlink transmissions. In a preferred embodiment, the 
5 program 1000 is repeated for every sensor 205. 

In a preferred embodiment, as illustrated in Fig. 11, a seismic 
acquisition system 1100 includes one or more sensors 1105, one or more base 
stations 1110, and a recorder 1115. 

The sensors 1105 include antennas 1120 and memory 1125. In this 
10 manner, the sensors 1105 store and transmit seismic data to the base station 
1110. 

The base station 1110 includes a memory 1130, a transceiver 1135, 
diversity antennas 1140, and a microwave antenna 1145. In this manner, 
the base station 1110 stores and transmits seismic data to the recorder 1115, 

15 The recorder 1115 includes a microwave antenna 1150. In a preferred 

embodiment, the communication Hnk between the base station 1110 and the 
recorder 1115 is provided by the microwave antennas 1145 and 1150. 
Alternatively, a wireline connection may be substituted for, or used to back 
up, the microwave communication link. 

20 In a preferred embodiment, when Uve data is not being acquired, the 

sensors 1105 transmit previously recorded data to the base station 1110. In 
a preferred embodiment, the base station 1110 is adapted to transmit live 
data and/or previously recorded data to the recorder 1115, In an alternative 
embodiment, all data storage is provided in the base station 1110 with 

25 quality control and status data only being transmitted to the recorder 1115. 

Referring to Fig. 12, an embodiment of a seismic acquisition system 
1200 includes one or more sensors 1205, one or more base stations 1210, and 
a recorder 1215. 
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The sensors 1205 are operably coupled to the base station 1210. The 
sensors include antennas 1220. 

The base station 1210 is operably coupled to the recorder 1215. The 
base station 1210 includes one or more diversity antennas 1225 and a 
5 microwave antenna 1230. 

The recorder 1215 is operably coupled to the base station 1210. The 
recorder 1215 includes a microwave antenna 1235 and one or more diversity 
antennas 1240. 

In a preferred embodiment, data transmissions 1245 are transmitted 

10 in uphnks from the sensors 1205 to the base station 1210, and from the base 
station 1210 to the recorder 1215. In a preferred embodiment, commands 
1250 are transmitted in downlinks from the recorder 1215 to the sensors 
1205. In a preferred embodiment, the communication tinlr from the recorder 
1215 to the sensors 1205 is a dedicated communication channel. In a 

15 preferred embodiment, the communication link from the recorder 1215 to the 
sensors 1205 is used to synchronize the sensors 1205 to a master time clock 
for the system 1200. In a preferred embodiment, the master time clock for 
the system 1200 is synchronized with a global position system time signal. 
Referring to Fig. 13, an embodiment of a seismic acquisition system 

20 1300 will now be described. In a preferred embodiment, the system 1300 

includes a recorder 1305, one or more base stations 1310, and a plurality of 
sensor station 1315. In a preferred embodiment, the sensor stations 1315 are 
arranged in a pluraUty of rows 1320. 

The recorder 1305 is operably coupled to the base stations 1310. In a 

25 preferred embodiment, the recorder 1305 monitors and controls the operation 
of the system 1300. In a preferred embodiment, the communication link 
between the recorder 1305 and the base stations 1310 comprises a wireless 
communication hnk. The recorder 1305 preferably transmits control 
information to the base stations 1310. 
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The base stations 1310 are operably coupled to the recorder 1305 and 
the sensor stations 1315. The communication link between the base stations 
1310 and the sensor stations 1315 preferably comprises a wireless 
communication link. The base stations 1310 preferably transmit data to the 
5 recorder 1305 and control information to the sensor stations 1315. 

The sensor stations 1315 are operably coupled to the base stations 
1310. In a preferred embodiment, the sensor stations 1315 include one or 
more 3-axis sensors. 

In a preferred embodiment, the sensor stations 1315 within a given 
10 row are spaced apart by a distance ranging from about 13.8 to 55 feet. In a 
preferred embodiment, adjacent rows 1320 are spaced apart by a distance 
ranging from about 440 to 1320 feet. Dxiring operation of the system 1300, in 
a preferred embodiment, only a portion of the sensor stations 1315 are 
actively recording seismic data, 
15 In a preferred embodiment, the sensor stations 1315 transmit digital 

data extracted from the 3-axis sensors at each sensor station 1315, and/or 
control information to the base stations 1310. The base stations 1310 
preferably transmit the digital data extracted from the 3-axis sensors at each 
sensor station 1315 and/or the control information received from the sensor 
20 stations 1315 to the recorder 1305. 

In a preferred embodiment, the recorder 1305 transits control 
information to the base stations 1310. The base stations 1310 preferably 
transmit the control information to the sensor stations 1315. 

In a preferred embodiment, the recorder 1305 further transmits audio 
25 signals; differential GPS information; and/or pager messages to the sensor 
stations 1315. In a preferred embodiment, the pager messages are used by 
maintenance personnel to maintain the sensor stations 1315. 

In a preferred embodiment, the transmission of control information; 
audio signals; differential GPS; and pager messages from the recorder 1305 
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to the sensor stations 1315 is provided using a 64 kbsp common channel 
stream from the recorder 1305 to the sensor stations 1315. 

In several exemplary embodiments of the system 1300, the following 
sensor station density is utilized: 



10 



15 



Station Density (# of 3 -axis sensor stations per square mile) 





Sensor station spacing (feet) 


13.8 


27.5 


41.25 


55.00 


Line 

spacing 

(feet) 


440 


4591.3 


2304.0 


1536.0 


1152.0 


660 


3060.9 


1536.0 


1024.0 


768.0 


880 


2295.7 


1152.0 


768.0 


576.0 


1320 


1530.4 


768.0 


512.0 


384.0 



In an exemplary embodiment, the sensor stations 1315 convert the 
data from each axis of sensitivity every 2 mS, each axis is represented by a 
24 bit sample, and the 3-axis sensors operate continuously. In an exemplary 
embodiment, the sensor station A/D rate is 500 samples/second; the data rate 
per sensor station 1315 is 36,000 bps; the error detection overhead per sensor 
stations 1315 is 3000 bps; the transport protocol overhead rate per sensor 
station 1315 is 1000 bps; and the transport data rate per sensor station 1315 
is 40 kpbs. 
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In several exemplary embodiments of the system 1300, the data per 
square mile is: 



10 



Data Density (mbps / square mile) 





Sensor station spacing (feet) 


13.8 


27.5 


41.25 


55.00 


Line 

spacing 

(feet) 


440 


331.8 


165.9 


110.6 


55.0 


660 


221.2 


165.9 


110.6 


82.9 


880 


165.9 


82.9 


55.3 


41.5 


1320 


110.6 


55.3 


36.9 


27.6 



In an exemplary embodiment of the system 1300, active array size 
included the following dimensions: active area length of 2.5 miles; active area 
width of 5 miles; and active area size of 12.5 square miles. 

In several exemplary embodiments of the system 1300, the total data 
transported from the active are of the array of sensor stations 1315 is: 



15 



Total data transported from active area (Mbps) 



Sensor station spacing (feet) 





13.8 


27.5 


41.25 


55.00 


Line 


440 


2304.0 


1152.0 


768.0 


576.0 


spacing 


660 


1536.0 


768.0 


512.0 


384.0 


(feet) 


880 


1152.0 


576.0 


384.0 


288.0 




1320 


768.0 


384.0 


256.0 


192.0 



In a preferred embodiment, the system 1300 utilizes one or more of the 
following wireline communication links for transporting signals: (1) twisted 
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pair; and/or (2) coaxial cable and/or (3) fiber optic cable. In a preferred 

embodiment, the system 1300 utilizes a twisted pair communication link that 

utilizes one or more of the following: (1) asymmetric digital subscriber loop 

(ADSL); (2) high-speed digital subscriber loop (HDSL); (3) very-high speed 

5 digital subscriber loop (VDSL); (4) Tl; (5> El; and/or ISDN-U bus. In a 

preferred embodiment, the system 1300 utilizes a coaxial cable 

communication link that utilizes one or more of the following: (1) coaxial 

version of Ethernet (IEEE 802); (2) T4 carrier; and/or (3) E4 carrier. In a 

preferred embodiment, the system 1300 utilizes a fiber optic cable 

10 communication link that utihzes one or more of the following: (1) FDDI fiber 

optic network backbone; and/or (2) OC-3 protocol. In a preferred 

embodiment, the OC-3 protocol is implemented using a monolithic 

transceiver chipset such as, for example, the PMC Sierra PM5346 and an 

optical transceiver module such as, for example, the Amp 269039-1. 

15 In a preferred embodiment, the system 1300 utilizes a wireless 

communication link for transmitting signals that includes a cellular system. 

In a preferred embodiment, the cellular system used in the system 1300 

includes a plurahty of picocells having a designated base station 1310 and a 

pluraUty of corresponding sensor stations 1315 that communicate exclusively 

20 with the designated base station 1310. The designated base stations 1310 in 

turn communicate with the recorder 1305. In a preferred embodiment, the 

picocells of the system 1300 utilize one or more of the following methods for 

implementing a communication channel: (1) frequency division multiple 

access (FDMA); (2) time division mvdtiple access (TDMA); and/or (3) code 

25 division multiple access (CDMA)/direct sequence spread spectrum. 

Referring to Figs. 14 and 15, an embodiment of a wireless master 

sensor station 1400 for use in a seismic acquisition system includes a 

directional antenna 1405, a transceiver 1410, a digital signal processor 1415, 

a battery 1420, a control module 1425, a sensor coupling module 1430, a 
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sensor module 1435, and a sensor 1440. In a preferred embodiment, the 
wireless master station 1400 is operably coupled to one or more slave sensor 
stations 1445. 

In a preferred embodiment, the wireless master sensor station 
5 provides one or more of the following functions: (1) house a 3-axis sensor 

1440 and the electronic circuitry required to operate the sensor and convert 
the sensor data into digital form; (2) serve as the master for a group of up to 
four connected stations, directing the activity of up to three slave sensor 
stations 1445 and collecting their digital sensor data for transmission to a 
10 picocell base station; and (3) receive commands from a picocell base station 
and transmit the data for all four stations via wireless technology to the 
associated picoceU base station. In a preferred embodiment, the wireless 
technology comprises cellular technology. In a preferred embodiment, each 
station, or group of foiir stations, provides a complete stand along unit with 
15 sufficient battery life to operate over the duration from installation to array 
rotation time. 

The directional antenna 1405 is coupled to the transceiver 1410. The 
13 directional antenna 1405 may comprise any number of conventional 

commercially available directional antennas. 

The transceiver 1410 is coupled to the directional antenna 1405 and 
the digital signal processor 1415. The digital signal processor 1415 is 
coupled to the transceiver 1410 and the control module 1425. In a preferred 
embodiment, the transceiver 1410 and the digital signal processor 1415 
provide a conventional cellular frequency spread spectrum transceiver. In a 
preferred embodiment, the transceiver 1410 and the digital signal processor 
1415 provide direct sequence spread spectrum (DSSS) incorporating QMBOK 
encoded data in a time division mtdtiplex (TDMA) protocol. In a preferred 
embodiment, the transceiver 1410 and the digital signal processor 1415 
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provide data burst transfers at 4.0 Mbps towards a picocell base station and 
a 64 kbps from the picocell base station. 

The battery 1420 is coupled to the remaining elements of the wireless 
master sensor station 1400. The battery 1420 may comprise any number of 
5 conventional commercially available batteries suitable for outdoor conditions. 
The control module 1425 is coupled to the digital signal processor 
1415, the sensor coupling module 1420 and the sensor module 1435. The 
control module 1425 is preferably adapted to control the operation of the 
wireless master sensor station 1400. In a preferred embodiment, the control 
10 module 1425 includes a microprocessor for implementing the control 
functions, for interfacing with the sensor module 1435, coordinating 
commxmications with the picocell base station, operating the sensor coupling 
module 1430, directing the activities of the slave sensor stations 1445, and 
providing maintenance and diagnostic functions. 
15 The sensor coupling module 1430 is coupled to the control module 1425 

and up to three slave sensor station 1445. In a preferred embodiment, the 
communication interface between the sensor coupling module 1430 and the 
slave sensor stations 1445 provides a transmission rate of at least 120 kbps. 
The sensor module 1435 and sensor 1440 are coupled to the control 
20 module 1425. In a preferred embodiment, the sensor module 1435 and 

sensor 1440 include the sensor interface electronics and a 3-axis sensor. In a 
preferred embodiment, the sensor module 1435 generates an output signal 
comprising three 24 bit data words. 

The slave sensor stations 1445 are operably coupled to the sensor 
25 coupUng module 1430. Each slave sensor station 1445 preferably includes 
one or more 3-axis sensors and generates an output signal representative of 
the sensed conditions for transmission to the sensor coupling module 1430. 

Thus, in a preferred embodiment, the wireless master sensor station 
1400 provides a stand alone sensor station capable of receiving command and 
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control data from a nearby picocell base station, directing the operation of up 
to four attached sensor stations, and transmitting the digital sensor data 
from all four stations to the picocell base station in real time. 

Referring to Figs. 16 and 17, an embodiment of a twisted pair sensor 
5 station 1600 includes a sensor coupling module 1605, a battery 1610, a 
control module 1615, a sensor modide 1620, and a sensor 1625. In a 
preferred embodiment, the twisted pair sensor station 1600 is coupled to one 
or more additional twisted pair stations 1600 in daisy-chain fashion. In a 
preferred embodiment, the twisted pair sensor station 1600 is identical to the 
10 wireless master sensor station 1400 described above, except that the cellular 
radio function is removed and the sensor station coupling interface now 
becomes a daisy chain element in a line of sensor stations. 

The sensor coupling module 1605 is coupled to the control module 1615 
and one or more twisted pair cables. In a preferred embodiment, the sensor 
15 coupUng module 1605 is adapted to communicate with a picocell base 

stations and one or more additional twisted pair sensor stations 1600 using 
one or more twisted pair connections. In a preferred embodiment, the sensor 
coupHng module 1605 is coupled to an associated picocell base station using a 
first twisted pair connection, and the associated picocell base station is 
coupled to other twisted pair sensor stations 1600 using separate twisted pair 
connections. In this manner, cable or station damage at any one location 
would not disable the attached twisted pair sensor stations 1600. 

The battery 1610 is coupled to the remaining elements of the twisted 
pair sensor station 1600. The battery 1610 may comprise any number of 
conventional commercially available batteries suitable for outdoor conditions. 

The control module 1615 is coupled to the sensor module 1620. The 
control module 1615 is preferably adapted to control the operation of the 
twisted pair sensor station 1600, In a preferred embodiment, the control 
module 1615 includes a microprocessor for implementing the control 
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functions, for interfacing with the sensor module 1620, coordinating 
communications with the picocell base station, operating the sensor couphng 
modtde 1605, and providing maintenance and diagnostic functions. 

The sensor module 1620 and the sensor 1625 are coupled to the control 
5 module 1615. In a preferred embodiment, the sensor module 1620 and the 
sensor 1625 include the sensor interface electronics and a 3-axis sensor. In a 
preferred embodiment, the sensor module 1620 generates an output signal 
comprising three 24 bit data words. 

Referring to Fig. 18, an embodiment of a picocell base station 1800 

10 preferably includes a channel A cellular transceiver 1805, a channel B 
cellular transceiver 1810, a radio receiver 1815, a channel C cellular 
transceiver 1820, a control modide 1825, a battery 1830, a first wireline 
interface 1835, a second wirehne interface 1840, and a third wireline 
interface 1845. In a preferred embodiment, the picocell base station 1800 is 

15 coupled to one or more wireless master sensor stations 1400 and one or more 
twisted pair sensor stations 1600. In a particularly preferred embodiment, 
the picocell base station 1800 is coupled to first and second groups of wireless 
master sensor stations 1400, with each group corresponding to different 
operating frequencies. In this manner, a cellular picocell is formed. 

20 The channel A cellular transceiver 1805 is operably coupled to the 

control module 1825. In a preferred embodiment, the channel A ceUular 
transceiver 1805 is further coupled to an associated A group of wireless 
master sensor stations 1400. In a preferred embodiment, the channel A 
cellular transceiver 1805 receives seismic data from its associated A group of 

25 wireless master sensor stations 1400. 

The channel B cellular receiver 1810 is operably coupled to the control 
module 1825. In a preferred embodiment, the channel B cellular transceiver 
1810 is further coupled to an associated B group of wireless master sensor 
stations 1400. In a preferred embodiment, the channel B cellxilar transceiver 
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1810 receives seismic data from its associated B group of wireless master 
sensor stations 1400. 

The radio receiver 1815 is coupled to the control module 1825. In a 
preferred embodiment, the radio receiver 1815 is further coupled to a 
5 controller for a seismic acquisition system. In this manner, the picocell base 
station unit 1800 receives control information from and transmits diagnostic 
information to a controller. 

The channel C cellular transceiver 1820 is operably coupled to the 
control module 1825. In a preferred embodiment, the channel C cellular 
10 transceiver 1820 is further coupled to the associated A and B group of 
wireless master sensor stations 1400. In a preferred embodiment, the 
channel C cellular transceiver 1820 transmits control information to the 
associated A and B group of wireless master sensor stations 1400. 

The control module 1825 is coupled to the remaining elements of the 
15 picocell base station 1800. In a preferred embodiment, the control module 
1825 is adapted to control the operation of the picocell base station 1800. 

The battery 1830 is coupled to the remaining elements of the picocell 
base station 1800. The battery 1830 may comprise any number of 
conventional commercially available batteries suitable for outdoor use. 
20 The first wireline interface 1835 is preferably coupled to a high data 

rate hierarchical multiplexer system. In a preferred embodiment, the 
multiplexer system in turn transmits the received data to a seismic system 
controller in real time. In a preferred embodiment, the first wireline 
interface 1835 comprises a dual ADSL twisted pair cable interface. 
25 The second wireline interface 1840 is preferably coupled to one or more 

twisted pair sensor stations 1600. In a preferred embodiment, the second 
wireline interface 1840 comprises a twisted pair wireline interface. The third 
wireline interface 1845 is preferably coupled to one or more twisted pair 
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sensor stations 1600. In a preferred embodiment, the third wirehne interface 
1845 comprises a twisted pair wireline interface. 

Referring to Fig. 19, an embodiment of a seismic acquisition system 
1900 will now be described. In a preferred embodiment, the system 1900 
5 includes a plurality of pico cell base-stations 1800, associated groups of 
wireless master sensor stations 1400 positioned in N rows, and a system 
controller 1905. In a preferred embodiment, each pico cell base station 1800 
is coupled to corresponding A and B groups of wireless sensor stations 1400 
positioned proximate each picocell base station 1205. In this manner, a 
10 cellular pico cell including a picocell base station 1800 and A and B groups of 
wireless master sensor stations 1400 is provided. Furthermore, in a 
j preferred embodiment, each picocell base station 1800 is coupled to the 

system controller 1905 using a wireless communication link. In this manner 
system controller 1905 monitors and controls the operation of the cellular 
15 picoceUs. 

In a preferred embodiment, the A group of wireless master sensor 
j stations 1400 is coupled to the cellular channel A transceiver 1805 of the 

associated picocell base station 1800. In a preferred embodiment, the ceUular 
channel A transceiver 1805 includes a directional antenna whose area of 

20 coverage includes the A group of wireless master sensor stations 1400. In a 
preferred embodiment, the directional antenna has good side lobe 
suppression in order to optimally minimize with interference with adjacent 
cellular picocells. In this manner, data is transmitted from the A group of 
wireless master sensor stations 1400 to the associated picocell base station 

25 1800. 

In a preferred embodiment, the B group of wireless master sensor 

stations 1400 is coupled to the cellular channel B transceiver 1810 of the 

associated picoceU base station 1800. In a preferred embodiment, the ceUular 

channel A transceiver 1810 includes a directional antenna whose area of 
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coverage includes the B group of wireless master sensor stations 1400. In a 
preferred embodinient, the directional antenna has good side lobe 
suppression in order to optimally minimize with interference with adjacent 
cellular picoceUs. In this manner, data is transmitted from the B group of 
5 wireless master sensor stations 1400 to the associated picocell base station 
1800. 

In a preferred embodiment, the A and B group of wireless master 
sensor stations 1400 are coupled to the celltdar channel C transceiver 1820 of 
the associated picocell base station 1800, In a preferred embodiment, the 

10 cellular channel C transceiver 1820 includes a directional antenna whose 
area of coverage includes the A and B group of wireless master sensor 
stations 1400. In a preferred embodiment, the directional antenna has good 
side lobe suppression in order to optimally minimize with interference with 
adjacent cellular picoceUs. In this manner, control information is 

15 transmitted picocell base station 1800 to the associated A and B groups of 
wireless master sensor stations 1400. 

In a preferred embodiment, each cellular picocell includes a picoceU 
base station 1800 and 80 wireless master sensor stations 1400 in each of 
groups A and B. In this manner, a cellular picoceU is provided that services 

20 160 wireless master sensor stations 1400. In a preferred embodiment, the 

directional antenna 1405 has good side lobe suppression in order to optimally 
minimize with interference with adjacent cellular picocells. In a preferred 
embodiment, each picocell base station 1800 communicates with first and 
second groups of wireless master sensor stations 1400 positioned on opposite 

25 sides of the picocell base station 1800. 

In a preferred embodiment, each picocell base stationl800 includes A 
and B operating frequencies that correspond to the cellular channel A and B 
transceivers, 1805 and 1810. The A and B operating frequencies along with 
the directional antennas preferably provided for the cellular channel A and B 
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transceivers, 1805 and 1810, optimally provide up to 160 wireless master 
sensor stations 1400 access to each picocell base station 1800. In a preferred 
embodiment, the center frequencies lies at the upper end and the lower end 
of the 2.4 GHz ISM frequency band. In a preferred embodiment, the picocell 
5 base stations 1800 utiHze CDMA. In a preferred embodiment, the spreading 
bandwidth used is 22 MHZ. In a preferred embodiment, the picocell base 
stations 1800 utilize Quarternary M-ary Bi-Orthogonal Keying (QMBOK) as 
the modulation method. In a preferred embodiment, the picoceU base 
stations 1800 provide a 5.5 Mbps data transmission rate from each of the 

10 wireless master sensor stations 1400. In a preferred embodiment, the chip 
set utilized for implementing the RF portion of the transceivers, 1805, 1810 
and 1820, is the Harris Prism chip set that utilizes direct sequence spread 
spectrum technology. 

In a preferred embodiment, the radio transceiver 1815 of each picocell 

15 base station 1800 is operably coupled to the system controller 1905 using a 
wireless link. In a preferred embodiment, the wireless link utihzes CDMA in 
the 2.4 GHz ISM band. In a preferred embodiment, the radio transceiver 
1815 and the system controller 105 include vertically polarized antennas. In 
a preferred embodiment, this communication link supports dual 4.0 Mbps 

20 data rates. 

In an alternative embodiment, a portion of the wireless master sensor 
stations 1400 of the system 1900 are replaced with twisted pair sensor 
stations 1600. In this alternative embodiment, the twisted pair sensor 
stations 1600 are coupled to the controller 1905 using a wireline twisted pair 
25 communication link. 

In an alternative embodiment, the system 1900 utilizes TDMA for 
wireless communication within the cellular picocells. In a preferred 
embodiment, the implementation includes a combination of TDMA and 
DSSS. As illustrated in 20, in a preferred embodiment, the available data 
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transmission time is divided up into a predetermined number of time slots, 
with a times lot allocated to each wireless master sensor station 1400. In a 
preferred embodiment, the number of time slots provides for: (1) the 
transmission of data from up to 80 group A wireless master sensor stations to 
5 the associated picocell base station 1800 on channel A; (2) the transmission of 
data from up to 80 group B wireless master sensor stations to the associated 
picocell base station 1800 on channel B; and (3) the transmission of control 
information from the picocell base station 1800 to the associated groups A 
and B of wireless master sensor stations 1400. 
10 As illustrated in Fig. 20, the forward channel C preferably includes a 

START time slot 2005 for initialization, one or more IDLE time slots 2010 
during the transmission of data from the wireless master sensor stations 
1400 to the picocell base station 1800, one or more REXMT X time slots 2015 
for requesting the retransmission of data from one or more of the wireless 
15 master sensor stations 1400 in the group A to the picocell base station 1800, 
one or more REXMT Y time slots 2020 for requesting the retransmission of 
data from one or more of the wireless master sensor stations 1400 in the 
group B to the picocell base station 1800, and IDLE time slots 2025 at the 
end of a communication sequence. 
20 As illustrated in Fig. 20, the reverse channel A preferably includes a 

START time slot 2030 for initialization, one or more STA #N time slots 2035 
for transmitting data from the Nth wireless master sensor station 1400 in 
group A to the picocell base station 1800, one or more REXMT X time slots 
2040 for retransmitting data from one or more of the wireless master sensor 
25 stations 1400 in group A to the picocell base station 1800, and IDLE time 
slots 2045 at the end of a communication sequence. 

As illustrated in Fig. 20, the reverse channel B preferably includes a 
START time slot 2050 for initiahzation, one or more STA #N time slots 2055 
for transmitting data from the Nth wireless master sensor station 1400 in 
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group B to the picocell base station 1800, one or more REXMT Y time slots 
2060 for retransmitting data from one or more of the wireless master sensor 
stations 1400 in group B to the picocell base station 1800, and IDLE time 
slots 2065 at the end of a commimication sequence. 

As illustrated in Fig. 20, each of the STA#N time slots, 2035 and 2055, 
preferably include a STATION ID time slot 2070 for identifying the Nth 
wireless master sensor station 1400, a STATUS time slot 2075 for providing 
status information for the Nth wireless master sensor station 1400, a PKT# 
time slot 2080 for identifying the data packet number, a DATA time slot 2085 
for transmitting the data, and an ERR DET INFO time slot 2090 for 
transmitting error detection information for the data. In a preferred 
embodiment, a guard time slot is further provided to prevent transmission 
overlap. 

Referring to Fig. 21, an embodiment of a hierarchical multiplexed 
seismic acquisition system 2100 includes a plurahty of cellular pico cells 
2105, multiplexers 2110, wireline communication links 2115, wirehne 
communication links 2120, and a central recorder/controller 2125. 

The picoceUs 2105 are preferably grouped in rows, with each row of 
picocells 2105 coupled to an associated multiplexer 2110. In a preferred 
embodiment, the picocells 2105 are coupled to the associated multiplexer 
using the wireline communication Unks 2120. In a preferred embodiment, 
the picoceUs 2105 includes a picocell base station unit 1800 and groups A and 
B of wireless master sensor stations 1400. 

The multiplexers 2110 are coupled to the associated rows of picocells 
2105 and the central recorder/controller 2125. In a preferred embodiment, 
the multiplexers 2110 are coupled to the central recorder/controller 2125 
using the wirehne communication Hnks 2115. In a preferred embodiment, 
each multiplexer 2110 is coupled to up to 20 picocells 2105. 
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The wireline communication links 2115 couple the multiplexers with 
the central recorder/controller 2125. In a preferred embodiment, the wirehne 
communication links 2115 comprise 155 Mbps OC-3 fiber optic 
communication links. 
5 The wireline commimication links 2120 coupled the picocells 2105 to 

the multiplexers 2110. In a preferred embodiment, the wireline 
communication links 2120 comprise 6.4 Mbps ADSL twisted pair 
communication links. 

The central recorder/controller 2125 is coupled to the multiplexers 
10 2110. The central recorder/controller 2125 is preferably adapted to monitor 
and control the operation of the system 2100. In a preferred embodiment, the 
central recorder/controller 2125 is housed in a controller truck, centrally 
positioned within the array of picocells 2105. In a preferred embodiment, the 

^ central recorder/controller 2125 includes a wireline communication interface 

15 for coupling to the wireline communication links 2115, and a wireless 

commimication link for coupling to the picocell base station units 1800. In 
this manner, the central recorder/controller 2125 preferably receives data via 
a wireline communication link and transmits control information via a 
wireless communication link. 

20 In a preferred embodiment, the central recorder/controller 2125 

receives data and demvdtiplexes the data into the component station data 
streams. The operator preferably accesses the data streams for verification 
or analysis. The entire data output of the array of picocells 2105 is 
preferably available on a real-time basis. In a preferred embodiment, the 

25 wireless communication link comprises a 220 MHZ radio channel and is used 
to transmit command information such as, for example, array configuration 
information and fire controls to the picocell base stations 1800, as well as 
other array components. The picocell base station 1800 preferably interpret 
the command information and assert the required control over their 
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associated wireless master sensor stations 1400. In a preferred embodiment, 
this control information channel is operated as a relatively low bandwidth 
digital data link. 

Referring to Fig. 22, an embodiment of a seismic acquisition system 
5 2200 includes a pluraUty of pico cells 2205, a wireless communication link 

2210, a wireline communication link 2215, a multiplexer 2220, a 

communication link 2225, a central controller/recorder 2230, and wireless 

communication links 2235a and 2235b. 

The picocells 2205a and 2205b are coupled to the mxdtiplexer 2200 and 
^ 10 the central recorder/controUer 2230. In a preferred embodiment, the picocells 
] 2205a and 2205b comprise a plurality of picocells 2105. In a preferred 

1 embodiment, the picocell 2205a is coupled to the multiplexer 2200 using a 

J wireless commimication link 2210. In a preferred embodiment, the wireless 

J communication link 2210 comprises a dual 4 Mbps wireless commimication 

^15 link. In a preferred embodiment, the picocell 2205b is coupled to the 
J multiplexer 2220 using a wireline communication link 2215. In a preferred 

J embodiment, the wireline communication link 2215 comprises a dial ADSL 

:j wireline communication link. In a preferred embodiment, the picocells 2205a 

and 2205b are coupled to the central recorder/controller 2230 using the 
20 wireless communication links 2235a and 2235b. In a preferred embodiment, 

the wireless communication Hnks 2235a and 2235b comprise 200 MHZ radio 

communication links. 

The multiplexer 2220 is coupled to the picocells 2205a and 2205b and 
the central recorder/controller 2230. In a preferred embodiment, the 
25 multiplexer 2220 is coupled to the central recorder/controller 2230 using the 
wireline communication hnk 2225. In a preferred embodiment, the wireUne 
communication link 2225 comprises an OC-3 fiber optic communication link. 

The central recorder/controller 2230 is coupled to the multiplexer 2220 

and the picoceUs 2205a and 2205b. In a preferred embodiment, the central 
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recorder/controller 2230 is coupled to the picocells 2205a and 2205b using the 
wireless communication links 2235 and 2240. In this manner, the central 
recorder/controller 2230 receives data via the wireline communication Hnk 
2225 and transmits control information via the wireless communication links 
5 2235a and 2235b. 

In a preferred embodiment, the systems 1900, 2100 and 2200 utilize a 
number of data transport and error correction methods to optimize the 
transmission of information. 

In a preferred embodiment, for unidirectional data channels, the 
10 systems 1900, 2100 and 2200 utilize one or more of the following 

conventional forward error correction (FEC) codes: viterbi codes; half rate 
viterbi codes, 2/3rds rate viterbi codes, convolutional codes. 

In a preferred embodiment, when a data backchannel is available and 
time constraints allow, the systems 1900, 2100 and 2200 utilize conventional 
15 automatic retransmission requests (ARQ) techniques. 

In a preferred embodiment, for twisted pair wireline communication 
links, the systems 1900, 2100 and 2200, utihze conventional parity checking 
and/or ARQ. 

In a preferred embodiment, for wireless communication links, the 
20 systems 1900, 2100 and 2200, utihze conventional ARQ. 

Referring to Fig. 23, an embodiment of a storage pico cell base station 
2300 including data storage includes a channel A ceUular transceiver 2305, a 
channel B cellxilar transceiver 2310, a radio receiver 2315, a channel C 
cellular transceiver 2320, a control module 2325, a data storage device 2330, 
25 a battery 2335, a first wireline interface 2340, a second wireline interface 
2345, and a third wireline interface 2350. In a preferred embodiment, the 
storage picoceU base station 2300 is substantially identical to the picocell 
base station 1800 with the addition of data storage. In a preferred 
embodiment, the storage picocell base station 2300 is coupled to one or more 
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wireless master sensor stations 1400 and one or more twisted pair sensor 
stations 1600. In a particularly preferred embodiment, the storage picocell 
base station 2300 is coupled to first and second groups of wireless master 
sensor stations 1400, with each group corresponding to different operating 
5 frequencies. In this manner, a cellular picocell with data storage is formed. 

The channel A cellular transceiver 2305 is operably coupled to the 
control module 2325. In a preferred embodiment, the channel A cellular 
transceiver 2305 is further coupled to an associated A group of wireless 
master sensor stations 1400. In a preferred embodiment, the channel A 

10 cellular transceiver 2305 receives seismic data from its associated A group of 
wireless master sensor stations 1400. 

The channel B ceUvdar receiver 2310 is operably coupled to the control 
module 2325. In a preferred embodiment, the channel B cellular transceiver 
2310 is further coupled to an associated B group of wireless master sensor 

15 stations 1400. In a preferred embodiment, the channel B cellular transceiver 
2310 receives seismic data fi-om its associated B group of wireless master 
sensor stations 1400. 

The radio receiver 2315 is coupled to the control module 2325. In a 
preferred embodiment, the radio receiver 2315 is further coupled to a 

20 controller for a seismic acquisition system. In this manner, the picocell base 
station unit 2300 receives control information from and transmits diagnostic 
information to a controller. 

The channel C cellular transceiver 2320 is operably coupled to the 
control module 2325. In a preferred embodiment, the channel C cellular 

25 transceiver 2320 is further coupled to the associated A and B group of 
wireless master sensor stations 1400. In a preferred embodiment, the 
channel C cellular transceiver 2320 transmits control information to the 
associated A and B group of wireless master sensor stations 1400. 
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The control module 2325 is coupled to the remaining elements of the 
picocell base station 2300. In a preferred embodiment, the control module 
2325 is adapted to control the operation of the picocell base station 2300. 
The data storage device 2330 is coupled to the control module 2325 
5 and a data retrieval interface. The data storage device 2330 is preferably 

adapted to store all of the data collected for several days from the associated 
wireless master sensor stations 1400 and/or twisted pair sensor stations 
1600. In this manner, the need to transport all of the data to a central 
recorder/controller is alleviated. In an exemplary embodiment, the data 

10 storage device 2330 includes about 28.8 Gbytes of storage capacity. 

:1 The battery 2335 is coupled to the remaining elements of the storage 

1 picocell base station 2300. The battery 2335 may comprise any number of 

conventional commercially available batteries sxxitable for outdoor use. 

The first wireline interface 2340 is prefiarably coupled to a high data 

15 rate hierarchical multiplexer system. In a preferred embodiment, the 

multiplexer system in turn transmits the received data to a seismic system 

J controller in real time. In a preferred embodiment, the first wireline 

interface 2340 comprises a dual ADSL twisted pair cable interface. 

The second wireline interface 2345 is preferably coupled to one or more 

20 twisted pair sensor stations 1600. In a preferred embodiment, the second 

wirehne interface 2345 comprises a twisted pair wireline interface. The third 
wireline interface 2350 is preferably coupled to one or more twisted pair 
sensor stations 1600. In a preferred embodiment, the third wireline interface 
2350 comprises a twisted pair wirehne interface. 

25 Referring to Fig. 24, an embodiment of a seismic acquisition system 

2400 includes a pluraHty of cellular picocells 2405 including data storage, 
wireless communication links 2410a, 2410b and 2410c, wirehne 
communication link 2415, and a central recorder/controller with data storage 
2420. 
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The cellular picocells with data storage 2405 are coupled to the central 
recorder controller 2420. In a preferred embodiment, at least a portion of the 
cellular picocells with data storage 2405 are coupled to the central 
recorder/controller 2420 using one of the wireless communication Unks 2410, 
5 and the remaining portion of the cellular picocells with data storage 2405 are 
coupled to the central recorder/controller 2420 using the wireline 
communications links 2415. In a preferred embodiment, the wireless 
communication links 2410 comprise a 4 Mbps wireless communication hnk. 
In a preferred embodiment, the wirehne communication link 2415 comprises 

J 10 a dual ADSL twisted pair commimication link. In a preferred embodiment, 
the ceUular picocells with data storage 2405 include a storage picocell base 

i'^ station 2300 and associated groups A and B of wireless master sensor 

J stations 1400. 

5 The central recorder/controller 2420 is preferably adapted to monitor 

^ . 15 and control the operation of the pico cells with storage 2405. In a preferred 
4 embodiment, the central recorder/controller 2420 further includes a 220 MHZ 

; J radio transceiver for transmitting control information to the picocells with 

!j storage 2405. Alternatively, the central recorder/controller 2420 transmits 

control information to the pico cells with data storage 2405 using an ADSL 
20 backchannel. In an alternative embodiment, all of the picocells with data 

storage 2405 are coupled to the central recorder/controller 2420 using a dual 
ADSL twisted pair communication link. In an alternative embodiment, any 
one of the picocells with data storage 2405 can be coupled to the central 
recorder/controller 2420 using a wireless 4 Mbps communication link. 
25 A method of dividing up a communication channel for use in a seismic 

acquisition system having M base stations and N sensors has been described 
that includes dividing up the commimication channel into M frequency bands 
and dividing up each frequency band into N+1 time slots. In a preferred 
embodiment, the N+1 time slots include N time slots for transmitting 
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information from each of the sensors to a base station and one time slot for 
transmitting information from the base station to the sensors. 

A method of dividing up a communication channel for use in a seismic 
acquisition system has also been described that includes dividing up the 
5 communication channel into time slots including signaling and status bits, 
seismic information, and guard time. 

A method of transmitting information from a sensor to a base station 
in a seismic acquisition system has also been described that includes 
listening for an open time slot, frequency, and sector, requesting use of the 
•jlO available time slot from the base station, if the base station is operating at 
J full capacity, then reducing the overall data for the base station, and if the 

i J base station is not operating at full capacity, then capturing the open time 

slot and transmitting to the base station. 

A method of error correction in a communication system for a seismic 
.^5 acquisition system including a sensor and a base station has also been 
■4 described that includes transmitting data from the sensor to the base station 

ij and if the data includes errors, then retransmitting the data. 

I A method of error correction in a communication system for a seismic 

acquisition system including a sensor and a base station has also been 
20 described that includes transmitting data from the sensor to the base station 
and if the data includes errors, then requesting retransmission of the data. 

A method of error correction in a communication system for a seismic 
acquisition system including a sensor and a base station has also been 
described that includes transmitting data from the sensor to the base station, 
25 if the data includes errors, then retransmitting during non-active time. 

A method of transmitting information in a commimication channel in a 
seismic acquisition system including a plurality of sensors positioned at 
different distance from a base station has also been described that includes 
transmitting information from one of the sensors to the base station, and if 
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the sensor is a nearby sensor, then adjusting the modulation in the 
communication channel to increase the data density* 

A method of transmitting information from a sensor to a base station 
in a seismic acquisition system having a pltiraHty of communication channels 
5 has also been described that includes selecting a channel for transmission 

from the sensor to the base station, if no channels are available, then waiting 
until a channel is available, if the selected chaimel is available, then 
transmitting the information from the sensor to the base station, if the 
selected channel is impaired, then selecting another channel, if all of the 
^ 10 information has not been properly transmitted, then adjusting to a lower 
order modulation and transmitting a request for retransmission from the 
base station to the sensor, and if all of the information has been properly 
transmitted, then adjusting to a lower order modulation and transmitting 
control information from the base station to the sensor. In a preferred 
15 embodiment, the method further includes using the sensor to monitor the 
communication channels. In a preferred embodiment, the method further 
includes using the sensor to maintain a record of the available channels. In a 
preferred embodiment, the seismic acquisition system includes a plurality of 
base stations; and wherein selecting a channel includes selecting a base 
20 station. 

A base station for use in a seismic acquisition system has also been 
described that includes a transceiver, one or more diversity antennas, and 
one or more directional antennas. In a preferred embodiment, the diversity 
antennas provide coverage for 6 to 12 sectors. In a preferred embodiment, 
25 the sectors overlap. In a preferred embodiment, the transceiver is adapted to 
dynamically allocate data capacity from Ughtly loaded sectors to heavily 
loaded sectors. 

A method of selecting an antenna for transmitting information in a 
seismic acquisition system having a plurality of antennas has also been 
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described that includes determining the data density for each antenna, 
selecting the optimum antenna for transmitting information, transmitting 
the information using the selected optimum antenna, and subsequently 
receiving information using the selected optimum antenna. In a preferred 
5 embodiment, wherein selecting includes selecting the antenna having the 
lowest data density. 

A seismic acquisition system has also been described that includes one 
or more sensors adapted to sense conditions and generate signals 
representative of the sensed conditions including a memory for storing the 

10 signals, a base station operably coupled to the sensors for receiving and 

transmitting the signals including a memory for storing the signals, and a 
recorder operably coupled to the base station for storing the signals. In a 
preferred embodiment, the base station includes one or more diversity 
antennas, and a microwave antenna. In a preferred embodiment, the system 

15 further includes a wireHne communication link for coupling the base station 
and the recorder. In a preferred embodiment, the sensors are adapted to 
transmit previously stored signals to the base station. In a preferred 
embodiment, the base station is adapted to transmit previously stored signals 
to the recorder. 

20 A method of communicating in a seismic acquisition system having 

sensors, base stations and a recorder has also been described that includes 
storing data in the sensors, transmitting data from the sensors to the base 
stations, storing data in the base stations, and transmitting data from the 
base stations to the recorder. 

25 A seismic acquisition system has also been described that includes one 

or more sensors adapted to sense conditions and transmit signals 
representative of the sensed conditions, one or more base stations operably 
coupled to the sensors adapted to receive and transmit the signals, and a 
recorder operably coupled to the sensors and the base stations adapted to 
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receive the signals and transmit control information to the sensors. In a 
preferred embodiment, the base station includes one or more diversity 
antennas and a microwave antenna. In a preferred embodiment, the 
recorder includes one or more diversity antennas and a microwave antenna. 
5 In a preferred embodiment, the system further includes a dedicated 

communication link for coupling the sensors to the recorder. In a preferred 
embodiment, the recorder is adapted to sjoichronize the operation of the 
sensors. 

A seismic acqmsition system has also been described that includes a 

10 plurahty of rows of sensor stations for sensing conditions and transmitting 
signals representative of the sensed conditions, a plurahty of base stations 
coupled to the rows of sensor stations for receiving and transmitting the 
signals, and a recorder operably coupled to the base stations for receiving the 
signals. In a preferred embodiment, the system further includes one or more 

15 cellular wireless communications links for coupling the sensor stations and 
the recorder. In a preferred embodiment, the ceUular wireless 
communication links includes frequency division multiple access. In a 
preferred embodiment, the cellular wireless communication links includes 
time division mxiltiple access. In a preferred embodiment, the cellular 

20 wireless communication links includes code division multiple access. In a 
preferred embodiment, the system further includes one or more cellular 
wireless communications links for coupling the base stations and the sensor 
stations. In a preferred embodiment, the cellular wireless commxmication 
Unks include frequency division multiple access. In a preferred embodiment, 

25 the ceUxilar wireless communication links includes time division midtiple 
access. In a preferred embodiment, the cellular wireless communication 
links includes code division multiple access. In a preferred embodiment, the 
sensor stations include one or more 3-axis sensors. In a preferred 
embodiment, the recorder is adapted to transmit audio signals to the sensor 
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stations. In a preferred embodiment, the recorder is adapted to transmit 
differential GPS information to the sensor stations. In a preferred 
embodiment, the recorder is adapted to transmit pager messages to the 
sensor stations. In a preferred embodiment, the system further includes one 
5 or more wireline communication links for coupling the sensor stations and 
the base stations. In a preferred embodiment, the wireline communication 
link comprises a twisted pair communication link. In a preferred 
embodiment, the twisted pair communication link includes an asymmetric 
digital subscriber loop. In a preferred embodiment, the twisted pair 
10 communication link includes a high speed digital subscriber loop. In a 

preferred embodiment, the twisted pair communication link includes a very- 
high speed digital subscriber loop. In a preferred embodiment, the twisted 
pair communication link includes a Tl connection. In a preferred 
embodiment, the twisted pair communication link includes an El connection. 
15 In a preferred embodiment, the wireline communication link comprises a 
coaxial cable. In a preferred embodiment, the coaxial communication link 
includes an Ethernet connection. In a preferred embodiment, the coaxial 
communication link includes a T4 connection. In a preferred embodiment, 
the coaxial communication link includes an E4 connection. In a preferred 
20 embodiment, the wireline communication link comprises a fiber optic cable. 
In a preferred embodiment, the fiber optic communication hnk includes an 
FDDI fiber optic backbone. In a preferred embodiment, the fiber optic 
communication link includes an OC-3 connection. In a preferred 
embodiment, the system further includes one or more wireline 
25 communication links for coupling the base stations and the recorder. In a 

preferred embodiment, the wirehne communication link comprises a twisted 
pair. In a preferred embodiment, the twisted pair communication link 
includes an asymmetric digital subscriber loop. In a preferred embodiment, 
the twisted pair communication link includes a high speed digital subscriber 
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loop. In a preferred embodiment, the twisted pair communication link 

includes a very-high speed digital subscriber loop. In a preferred 

embodiment, the twisted peiir communication Unk includes a Tl connection. 

In a preferred embodiment, the twisted pair communication link includes an 

5 El connection. In a preferred embodiment, the wireline communication link 

comprises a coaxial cable. In a preferred embodiment, the coaxial 

communication link includes an Ethernet connection. In a preferred 

embodiment, the coaxial communication link includes a T4 connection. In a 

preferred embodiment, the coaxial communication link includes an E4 

, 10 connection. In a preferred embodiment, the wireline communication hnk 

1 comprises a fiber optic cable. In a preferred embodiment, the fiber optic 

T communication link includes an FDDI fiber optic backbone. In a preferred 

embodiment, the fiber optic communication link includes an OC-3 connection. 

A wireless master sensor station has also been described that includes 

15 a transceiver for transmitting and receiving information including a 

directional antenna, a control module coupled to the transceiver for 

monitoring and controlling the operation of the wireless master sensor 

station, and a sensor module coupled to the control module for sensing 

conditions and generating signals representative of the sensed conditions. In 

20 a preferred embodiment, the transceiver provides time division multiple 

access. In a preferred embodiment, the transceiver provides fi-equency 

division multiple access. In a preferred embodiment, the transceiver 

provides code division multiple access. In a preferred embodiment, the 

transceiver provides direct sequence spread spectrum and time division 

25 multiple access. In a preferred embodiment, the sensor module includes a 3- 

axis sensor. In a preferred embodiment, the sensor module includes digital 

to analog converter. In a preferred embodiment, the wireless master sensor 

station further includes a sensor coupling module coupled to the control 

module for coupling the wireless master sensor station to other sensors. In a 
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preferred embodiment, the wireless master sensor station is adapted to 
monitor and control the operation of one or more slave sensors. In a 
preferred embodiment, the wireless master sensor station is adapted to 
receive sensor data from the slave sensors. In a preferred embodiment, the 
5 transceiver includes a digital signal processor. In a preferred embodiment, 
the control module is adapted to provide maintenance functions. In a 
preferred embodiment, the control module is adapted to provide diagnostic 
functions. In a preferred embodiment, the wireless master sensor station 
further includes a data storage device coupled to the control module. 
^ 10 A sensor assembly has also been described that includes a wireless 

^ master sensor station and one or more slave sensor stations operably coupled 

1 to the wireless master sensor station. The wireless master sensor station 

includes a transceiver for transmitting and receiving information including a 
^ directional antenna, a control module coupled to the transceiver for 

15 monitoring and controlling the operation of the wireless master sensor 
station, and a sensor module coupled to the control module for sensing 
conditions and generating signals representative of the sensed conditions. 
The slave sensor stations include a sensor module sensing conditions and 
generating signals representative of the sensed conditions. In a preferred 
20 embodiment, the wireless master sensor station further includes a data 
storage device coupled to the control module. 

A twisted pair sensor station has also been described that includes a 
sensor coupling module for coupling the sensor station to a wireline 
connection, a control module coupled to the sensor coupling module for 
25 monitoring and controlling the operation of the sensor station, and a sensor 
module coupled to the control module for sensing conditions and generating 
signals representative of the sensed conditions. In a preferred embodiment, 
the sensor coupUng module provides an asymmetrical digital subscriber loop. 
In a preferred embodiment, the sensor coupling module provides a high speed 
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digital subscriber loop. In a preferred embodiment, the sensor coupling 
module provides a very-high speed digital subscriber loop. In a preferred 
embodiment, the sensor coupling module provides a Tl connection. In a 
preferred embodiment, the sensor coupling module provides an El 
5 connection. In a preferred embodiment, the sensor module includes a 3-axis 
sensor. In a preferred embodiment, the sensor module includes digital to 
analog converter. In a preferred embodiment, the control module is adapted 
to provide maintenance functions. In a preferred embodiment, the control 
module is adapted to provide diagnostic functions. In a preferred 
10 embodiment, the twisted pair sensor station further includes a data storage 
device coupled to the control module. 

A sensor assembly has also been described that includes a pluraHty of 
twisted pair sensor stations operably coupled to one another. Each twisted 
- pair sensor station includes a sensor coupUng module for coupling the sensor 

15 station to a wireline connection, a control module coupled to the sensor 

coupling module for monitoring and controUing the operation of the sensor 
station, and a sensor module coupled to the control module for sensing 
conditions and generating signals representative of the sensed conditions. In 
a preferred embodiment, each twisted pair sensor station includes a data 
20 storage device coupled to the control module. 

A picocell base station has also been described that includes a first 
cellular transceiver including a first antenna, a second cellular transceiver 
including a second antenna, a third cellular transceiver including a third 
antenna, a radio transceiver including a radio antenna, a control module 
25 coupled to the first, second and third cellular transceivers and the radio 

transceiver, a first wireline interface coupled to the control module, a second 
wireHne interface coupled to the control module, and a third wireline 
interface coupled to the control module. In a preferred embodiment, the first 
wireUne interface provides a dual asymmetric digital subscriber line. In a 
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preferred embodiment, the first antenna includes side lobe suppression. In a 
preferred embodiment, the second antenna includes side lobe suppression. 
In a preferred embodiment, the third antenna includes side lobe suppression. 
In a preferred embodiment, the first cellular transceiver provides code 
5 division multiple access.^ In a preferred embodiment, the first cellular 
transceiver provides time division multiple access. In a preferred 
embodiment, the first celluleir transceiver provides firequency division 
multiple access. In a preferred embodiment, the second cellular transceiver 
provides code division multiple access. In a preferred embodiment, the 
10 second cellular transceiver provides time division multiple access. In a 

preferred embodiment, the second ceUular transceiver provides firequency 
division multiple access. In a preferred embodiment, the third cellular 
transceiver provides code division mxiltiple access. In a preferred 
embodiment, the third cellular transceiver provides time division multiple 
15 access. In a preferred embodiment, the third cellular transceiver provides 

frequency division multiple access. In a preferred embodiment, the operating 
frequencies of the first and second cellular transceivers are different. In a 
preferred embodiment, the operating frequencies of the first and second 
ceUular transceivers are positioned at the upper and lower ends of the 
selected operating frequency band. In a preferred embodiment, the selected 
operating frequency band comprises the 2.4 GHz ISM frequency band. In a 
preferred embodiment, the radio antenna is vertically polarized. In a 
preferred embodiment, the picocell base station further includes a data 
storage device coupled to the control module. 

A picocell has also been described that includes a first group of 
wireless master sensor stations adapted to collect and transmit data, a 
second group of wireless master sensor stations adapted to collect and 
transmit data, and a picocell base station coupled to the first and second 
group of wireless master sensor stations adapted to receive the data from the 
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wireless master sensor stations and transmit it to an external device. In a 
preferred embodiment, the first and second group of wireless master sensor 
stations are positioned on different sides of the picocell base station. In a 
preferred embodiment, the first and second groups of wireless master sensor 
5 stations are positioned in rows. In a preferred embodiment, the first and 
second groups of wireless master sensor stations are positioned on opposite 
sides of the picocell base station. In a preferred embodiment, the picoceU 
further includes a first wireless cellular communication link for coupling the 
first group of wireless master sensor stations to the picocell base station, and 
10 a second wireless cellular communication link for coupling the second group 
of wireless master sensor stations to the picocell base station. In a preferred 
embodiment, further includes a third wireless cellxilar communication link 
for coupling the picocell base station to the first and second group of wireless 
master sensor stations. In a preferred embodiment, the first and second 
15 wireless cellular communication links include code division multiple access. 
In a preferred embodiment, the first and second wireless cellular 
communication links include time division multiple access. In a preferred 
embodiment, the first wireless cellular communication link includes a first 
operating fi:equency; wherein the second wireless cellxilar communication 
20 hnk includes a second operating fi:equency; and wherein the first and second 
operating firequencies are different. In a preferred embodiment, the first and 
second operating firequencies lie at different regions of the selected operating 
firequency band. In a preferred embodiment, the first wireless cellular 
communication link includes separate time slots for the transmission of data 
25 firom each of the wireless master sensor stations in the first group. In a 
preferred embodiment, the first wireless cellular communication link 
includes time slots for the retransmission of data firom the wireless master 
sensor stations in the first group. In a preferred embodiment, the second 
wireless cellular communication hnk includes separate time slots for the 
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transmission of data from each of the wireless master sensor stations in the 
second group. In a preferred embodiment, the second wireless cellular 
communication link includes time slots for the retransmission of data from 
the wireless master sensor stations in the second group. In a preferred 
5 embodiment, the third wireless cellular communication link includes code 
division multiple access. In a preferred embodiment, the third wireless 
cellular communication link includes time division midtiple access. In a 
preferred embodiment, the third wireless cellxilar communication link 
includes time slots for requesting the retransmission of data from the 
10 wireless master sensor stations in the first and second groups to the picocell 
base station. In a preferred embodiment, each wireless master sensor station 
includes data storage. 

A seismic acquisition system has also been described that includes a 
plurality of rows of picocells, each picocell adapted to collect and transmit 
15 data and a controller coupled to the picocells adapted to control and monitor 
the picocells and receive data firom the picocells. In a preferred embodiment, 
each picocell includes a first group of wireless master sensor stations adapted 
to coUect and transmit data, a second group of wireless master sensor 
stations adapted to collect and transmit data, and a picoceU base station 
20 coupled to the first and second group of wireless master sensor stations and 
the controller adapted to receive the data from the wireless master sensor 
stations and transmit it to the controller. In a preferred embodiment, the 
first and second group of wireless master sensor stations are positioned on 
different sides of the picocell base station. In a preferred embodiment, the 
25 first and second groups of wireless master sensor stations are positioned in 
rows. In a preferred embodiment, the first and second groups of wireless 
master sensor stations are positioned on opposite sides of the picocell base 
station. In a preferred embodiment, the system further includes a first 
wireless ceUular communication link for coupling the first group of wireless 
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master sensor stations to the picocell base station and a second wireless 
cellular communication link for coupling the second group of wireless master 
sensor stations to the picocell base station. In a preferred embodiment, the 
system further includes a third wireless cellular communication Unk for 
5 coupling the picocell base station to the first and second group of wireless 
master sensor stations. In a preferred embodiment, the first and second 
wireless cellular communication links include code division multiple access. 
In a preferred embodiment, the first and second wireless cellular 
communication links include time division multiple access. In a preferred 
10 embodiment, the first wireless cellular communication link includes a first 
operating firequency; wherein the second wireless cellular commimication 
link includes a second operating firequency; and wherein the first and second 
operating fi-equencies are different. In a preferred embodiment, the first and 
second operating frequencies lie at different regions of the selected operating 
15 frequency band. In a preferred embodiment, the first wireless cellular 

communication link includes separate time slots for the transmission of data 
fi-om each of the wireless master sensor stations in the first group. In a 
preferred embodiment, the first wireless cellular communication link 
includes time slots for the retransmission of data firom the wireless master 
20 sensor stations in the first group. In a preferred embodiment, the second 
wireless cellular communication link includes separate time slots for the 
transmission of data firom each of the wireless master sensor stations in the 
second group. In a preferred embodiment, the second wireless cellular 
communication link includes time slots for the retransmission of data firom 
25 the wireless master sensor stations in the second group. In a preferred 

embodiment, the third wireless cellular communication link includes time 
slots for requesting the retransmission of data firom the wireless master 
sensor stations in the first and second groups to the picocell base station. In 
a preferred embodiment, the third wireless cellxilar communication link 
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includes code division multiple access. In a preferred embodiment, the third 
wireless cellular communication link includes time division multiple access. 
In a preferred embodiment, each picoceU is operably coupled to the controller 
using a wireless communication link. In a preferred embodiment, each 
5 picocell is operably coupled to the controller using a wireline communication 
Unk. In a preferred embodiment, a portion of the picocells are operably 
coupled to the controller using a wireless communication link and the 
remaining portion of the picocells are operably coupled to the controller using 
a wireHne communication link. In a preferred embodiment, each picocell 

10 base station includes data storage. 

A method of communicating information between a base station and a 
plurality of sensors in a seismic acqmsition system has also been described 
that includes dividing the sensors into first and second groups of sensors, 
transmitting information from the base station to the first group of sensors 

15 using a first communication channel, transmitting information from the base 
station to the second groups of sensors using a second communication 
channel, and transmitting information from the base station to the first and 
second groups of sensors using a third communication channel. In a 
preferred embodiment, the method further includes dividing the first 

20 communication channel into time slots including sensor transmissions of 
information for each sensor in the first group, and retransmission of 
information from selected sensors in the first group, and dividing the second 
communication channel into time slots including sensor transmissions of 
information for each sensor in the second group, and retransmission of 

25 information from selected sensors in the second group. In a preferred 

embodiment, the method further includes dividing the third communication 
channel into time slots for requesting retransmissions of information by 
selected sensors in the first and second groups. 
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A method of transmitting packets of information from sensors to a base 
station in a seismic acqtiisition system using a communication channel has 
also been described that includes dividing the communication channel into a 
plurality of time slots including time slots for each of the sensors, wherein 
5 each sensor time slot includes time slots for transmission of the sensor 
identification, the sensor status, the information packet number, the 
information, and error detection information for the transmitted information. 

A seismic acquisition system has also been described that includes a 
pluraUty of rows of picocells for collecting and transmitting data, a plurahty 
10 of multiplexers coupled to the rows of picocells, and a controller coupled to 

the multiplexers and the picocells for recording the data, and monitoring and 
controlling the picocells. In a preferred embodiment, each picocell includes a 
first group of wireless master sensor stations adapted to collect and transmit 
data, a second group of wireless master sensor stations adapted to collect and 
15 transmit data, and a picocell base station coupled to the first and second 

group of wireless master sensor stations and the controller adapted to receive 
the data from the wireless master sensor stations and transmit it to the 
controller. In a preferred embodiment, the first and second group of wireless 
master sensor stations are positioned on different sides of the picocell base 
20 station. In a preferred embodiment, first and second groups of wireless 

master sensor stations are positioned in rows. In a preferred embodiment, 
the first and second groups of wireless master sensor stations are positioned 
on opposite sides of the picocell base station. In a preferred embodiment, the 
system further includes a first wireless cellular communication Hnk for 
25 coupUng the first group of wfreless master sensor stations to the picocell base 
station and a second wireless cellular communication link for couphng the 
second group of wireless master sensor stations to the picocell base station. 
In a preferred embodiment, the system further includes a third wireless 
cellular communication Hnk for coupling the picocell base station to the first 
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and second group of wireless master sensor stations. In a preferred 
embodiment, the first and second wireless cellular commvmication links 
include code division multiple access. In a preferred embodiment, the first 
and second wireless cellular communication links include time division 
5 multiple access. In a preferred embodiment, the first ^wireless cellular 

communication link includes a first operating firequenq^; wherein the second 
wireless cellular communication link includes a second operating frequency; 
and wherein the first and second operating frequencies are different. In a 
preferred embodiment, the first and second operating frequencies lie at 
10 different regions ofthe selected operating frequency band. In a preferred 

embodiment, the first wireless cellular communication link includes separate 
time slots for the transmission of data firom each ofthe wireless master 
sensor stations in the first group. In a preferred embodiment, the first 
wireless cellular communication link includes time slots for the 
retransmission of data fi-om the wireless master sensor stations in the first 
group. In a preferred embodiment, the second wireless cellular 
communication Hnk includes separate time slots for the transmission of data 
from each ofthe wireless master sensor stations in the second group. In a 
preferred embodiment, the second wireless cellular communication hnk 
includes time slots for the retransmission of data fi-om the wireless master 
sensor stations in the second group. In a preferred embodiment, the third 
wireless ceUular communication link includes time slots for requesting the 
retransmission of data fi-om the wireless master sensor stations in the first 
and second groups to the picocell base station. In a preferred embodiment, 
the third wireless cellular commimication hnk includes code division 
multiple access. In a preferred embodiment, the third wireless cellular 
communication hnk includes time division multiple access. In a preferred 
embodiment, each picocell is operably coupled to the controller using a 
wireless communication link. In a preferred embodiment, each picocell is 
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operably coupled to the controller using a wireline communication link. In a 

preferred embodiment, a portion of the picocells are operably coupled to the 

controller using a wireless communication link and the remaining portion of 

the picocells are operably coupled to the controller using a wireline 

5 communication link. In a preferred embodiment, each of the picocells are 

coupled to a corresponding multiplexer using a wireline communication link. 

In a preferred embodiment, the wirehne communication hnks includes an 

asymmetrical digital subscriber link. In a preferred embodiment, each of the 

multiplexers are coupled to the controller using a wireline communication 

, 10 Hnk. In a preferred embodiment, the wireline communication link comprises 

^ a fiber optic link. In a preferred embodiment, the fiber optic hnk provides an 

T OC-3 link. In a preferred embodiment, each picocell includes data storage. 

] A. seismic acquisition system has also been described that includes a 

. first pico cell for collecting and transmitting data, a second pico cell for 

15 collecting and transmitting data, a multiplexer coupled to the first and 

second pico cells, and a controller coupled to the first and second pico cells 

and the multiplexer for monitoring and controUing the picocells and 

collectmg and recording the data. In a preferred embodiment, each picoceU 

includes a first group of wireless master sensor stations adapted to collect 

20 and transmit data, a second group of wireless master sensor stations adapted 

to collect and transmit data, and a picocell base station coupled to the first 

and second group of wireless master sensor stations and the controller 

adapted to receive the data firom the wireless master sensor stations and 

transmit it to the controller. In a preferred embodiment, the first and second 

25 group of wireless master sensor stations are positioned on different sides of 

the picocell base station. In a preferred embodiment, the first and second 

groups of wireless master sensor stations are positioned in rows. In a 

preferred embodiment, the first and second groups of wureless master sensor 

stations are positioned on opposite sides of the picocell base station. In a 
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preferred embodiment, the system further includes a first wireless cellular 
communication link for coupling the first group of wireless master sensor 
stations to the picocell base station, and a second wireless cellular 
communication link for coupling the second group of wireless master sensor 
5 stations to the picocell base station. - In a preferred embodiment, the system 
fiirther includes a third wireless cellular commmdcation link for coupling the 
picocell base station to the first and second group of wireless master sensor 
stations. In a preferred embodiment, the first and second wireless cellular 
communication links include code division multiple access. In a preferred 
10 embodiment, the first and second wireless cellular commxinication links 

include time division mvdtiple access. In a preferred embodiment, the first 
wireless cellular communication link includes a first operating fi-equency; 
wherein the second wireless cellular communication link includes a second 
operating firequency; and wherein the first and second operating firequencies 
15 are different. In a preferred embodiment, the first and second operating 

frequencies he at different regions of the selected operating firequency band. 
In a preferred embodiment, the first wireless cellular communication link 
includes separate time slots for the transmission of data firom each of the 
wireless master sensor stations in the first group. In a preferred 
20 embodiment, the first wireless cellular communication link includes time 

slots for the retransmission of data from the wireless master sensor stations 
in the first group. In a preferred embodiment, the second wireless cellular 
communication link includes separate time slots for the transmission of data 
from each of the wireless master sensor stations in the second group. In a 
25 preferred embodiment, the second wireless cellular communication hnk 

includes time slots for the retransmission of data firom the wireless master 
sensor stations in the second group. In a preferred embodiment, the third 
wireless cellular communication link includes time slots for requesting the 
retransmission of data from the wireless master sensor stations in the first 
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and second groups to the picocell base station. In a preferred embodiment, 
the third wireless cellular commxmication link includes code division 
multiple access. In a preferred embodiment, the third wireless cellular 
communication link includes time division multiple access. In a preferred 
5 embodiment, each picocell is operably-coupled to the controller using a 

wireless communication link. In a preferred embodiment, each picocell is 
operably coupled to the controller using a wireline communication link. In a 
preferred embodiment, a portion of the picocells are operably coupled to the 
controller using a wireless communication link and the remaining portion of 
^ 10 the picocells are operably coupled to the controller using a wirehne 

communication hnk. In a preferred embodiment, the first picocell is coupled 
to the multiplexer using a wirehne communication link and the second 
picocell is coupled to the multiplexer using a wireless communication link. 
^ In a preferred embodiment, the wireline communication links inchides an 

15 asymmetrical digital subscriber link. In a preferred embodiment, the 

multiplexer is coupled to the controller using a wirehne communication link. 
In a preferred embodiment, the wirehne communication link comprises a 
fiber optic hnk. In a preferred embodiment, the fiber optic Hnk provides an 
OC-3 link. In a preferred embodiment, each picocell base station includes 

20 data storage. 

A seismic acquisition system has also been described that includes a 

plurahty of pico cells having data storage and a controller coupled to the pico 

cells. In a preferred embodiment, each picocell includes a first group of 

wireless master sensor stations adapted to collect and transmit data, a 

25 second group of wireless master sensor stations adapted to collect and 

transmit data, and a picocell base station coupled to the first and second 

group of wireless master sensor stations and the controller adapted to receive 

the data firom the wireless master sensor stations and transmit it to the 

controUer. In a preferred embodiment, the first and second group of wireless 
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master sensor stations are positioned on different sides of the picocell base 
station. In a preferred embodiment, the first and second groups of wireless 
master sensor stations are positioned in rows. In a preferred embodiment, 
the first and second groups of wireless master sensor stations are positioned 
5 on opposite sides of the picocell base station. In a preferred embodiment, the 
system further includes a first wireless cellular communication link for 
coupling the first group of wireless master sensor stations to the picocell base 
station and a second wireless cellular communication Unk for coupling the 
second group of wireless master sensor stations to the picocell base station. 

10 In a preferred embodiment, the system further includes a third wireless 

cellular communication link for coupling the picocell base station to the first 
and second group of wireless master sensor stations. In a preferred 
embodiment, the first and second wireless cellular commxmication link s 
include code division multiple access. In a preferred embodiment, the first 

15 and second wireless cellular communication links include time division 
multiple access. In a preferred embodiment, the first wireless cellular 
communication link includes a first operating fi-equency; wherein the second 
wireless cellular commxmication link includes a second operating fi:equency; 
and wherein the first and second operating firequencies are different. In a 

20 preferred embodiment, the first and second operating firequencies lie at 
different regions of the selected operating firequency band. In a preferred 
embodiment, the first wireless cellular communication link includes separate 
time slots for the transmission of data fi:om each of the wireless master 
sensor stations in the first group. In a preferred embodiment, the first 

25 wireless cellular communication link includes time slots for the 

retransmission of data from the wireless master sensor stations in the first 
group. In a preferred embodiment, the second wireless celltilar 
communication link includes separate time slots for the transmission of data 
fi:om each of the wireless master sensor stations in the second group. In a 
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preferred embodiinent, the second wireless cellnlar communication link 
includes time slots for the retransmission of data from the wireless master 
sensor stations in the second group. In a preferred embodiment, the third 
wireless cellular communication link includes time slots for requesting the 
5 retransmission of data from the wireless master sensor stations in the first 
and second groups to the picocell base station. In a preferred embodiment, 
the third wireless cellular communication link includes code division 
multiple access. In a preferred embodiment, the third wireless ceUular 
communication link includes time division multiple access. In a preferred 

10 embodiment, each picocell is operably coupled to the controller using a 

wireless communication link. In a preferred embodiment, each picocell is 
operably coupled to the controller using a wireline communication link. In a 
preferred embodiment, the wireline communication link includes an 
asymmetrical digital subscriber link. In a preferred embodiment, a portion of 

15 the picocells are operably coupled to the controller using a wireless 

communication link and the remaining portion of the picocells are operably 
coupled to the controller using a wireline communication link. 

Although illustrative embodiments of the invention have been shown 
and described, a wide range of modification, changes and substitution is 

20 contemplated in the foregoing disclosure. In some instances, some features of 
the present invention may be employed without a corresponding use of the 
other features. Accordingly, it is appropriate that the appended claims be 
construed broadly and in a manner consistent with the scope of the 
invention. 
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Claims 

What is claimed is: 

1 1. A method of dividing up a communication channel for use in a seismic 

2 acquisition system having M base stations and N sensors, comprising: 

3 dividing up the communication channel into M frequency bands; and 

4 dividing up each frequency band into N+1 time slots. 

1 2. A method of dividing up a commxmication channel for use in a seismic 

2 acquisition system, comprising: 

3 dividing up the communication channel into time slots including 

4 signaling and status bits, seismic information, and guard time. 

1 3. A method of transmitting information from a sensor to a base station 

2 in a seismic acquisition system, comprising: 

3 listening for an open time slot, frequency, and sector; 

4 requesting use of the available time slot from the base station; 

5 if the base station is operating at full capacity, then reducing the 

6 overall data for the base station; and 

7 if the base station is not operating at full capacity, then capturing the 

8 open time slot and transmitting to the base station. 

1 4. A method of error correction in a communication system for a seismic 

2 acquisition system including a sensor and a base station, comprising: 

3 transmitting data from the sensor to the base station ; and 

4 if the data includes errors, then retransmitting the data. 

1 5. A method of error correction in a communication system for a seismic 

2 acquisition system including a sensor and a base station, comprising: 
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3 transmitting data from the sensor to the base station; and 

4 if the data includes errors, then requesting retransmission of the data. 

1 6. A method of error correction in a communication system for a seismic 

2 acqmsition system including a sensor and a base station, comprising: 

3 transmitting data from the sensor to the base station; 

4 if the data includes errors, then retransmitting during non-active time. 

1 7. A method of transmitting information in a communication channel in a 

2 seismic acquisition system including a plurality of sensors positioned at 

3 different distance from a base station, comprising: 

4 transmitting information from one of the sensors to the base station; 

5 if the sensor is a nearby sensor, then adjusting the modulation in the 

6 communication channel to increase the data density. 

1 8. A method of transmitting information from a sensor to a base station 

2 in a seismic acquisition system having a pluraUty of communication 

3 channels, comprising: 

4 selecting a channel for transmission from the sensor to the base 

5 station; 

6 if no channels are available, then waiting until a channel is available; 

7 if the selected channel is available, then transmitting the information 

8 from the sensor to the base station; 

9 if the selected channel is impaired, then selecting another channel; 

10 if all of the information has not been properly transmitted, then 

11 adjusting to a lower order modulation and transmitting a 

12 request for retransmission from the base station to the sensor; 

13 and 
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14 if all of the information has been properly transmitted, then adjusting 

15 to a lower order modulation and transmitting control 

16 information from the base station to the sensor. 

1 9. A base station for use in a seismic acquisition system, comprising: 

2 a transceiver; 

3 one or more diversity antennas; and 

4 one or more directional antennas. 

1 10. A method of selecting an antenna for transmitting information in a 

2 seismic acquisition system having a plurality of antennas, comprising: 

3 determining the data density for each antenna; 

4 selecting the optimum antenna for transmitting information; 

5 transmitting the information using the selected optimum antenna; and 

6 subsequently receiving information using the selected optimum 

7 antenna. 

1 11. A seismic acquisition system, comprising: 

2 one or more sensors adapted to sense conditions and generate signals 

3 representative of the sensed conditions including a memory for 

4 storing the signals; 

5 a base station operably coupled to the sensors for receiving and 

6 transmitting the signals including a memory for storing the 

7 signals; and 

8 a recorder operably coupled to the base station for storing the signals. 

1 12. A method of communicating in a seismic acquisition system having 

2 sensors, base stations and a recorder, comprising: 

3 storing data in the sensors; 
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4 transmitting data from the sensors to the base stations; 

5 storing data in the base stations; and 

6 transmitting data from the base stations to the recorder. 

1 13. A seismic acquisition system, comprising: 

2 one or more sensors adapted to sense conditions and transmit signals 

3 representative of the sensed conditions; 

4 one or more base stations operably coupled to the sensors adapted to 

5 receive and transmit the signals; and 

6 a recorder operably coupled to the sensors and the base stations 

7 adapted to receive the signals and transmit control information 

8 to the sensors. 

1 14. A seismic acquisition system, comprising: 

2 a plurahty of rows of sensor stations for sensing conditions and 

3 transmitting signals representative of the sensed conditions; 

4 a plurality of base stations coupled to the rows of sensor stations for 

5 receiving and transmitting the signals; and 

6 a recorder operably coupled to the base stations for receiving the 

7 signals. 

1 15. A wireless master sensor station, comprising: 

2 a transceiver for transmitting and receiving information including a 

3 directional antenna; 

4 a control module coupled to the transceiver for monitoring and 

5 controlling the operation of the wireless master sensor station; 

6 and 

7 a sensor module coupled to the control module for sensing conditions 

8 and generating signals representative of the sensed conditions. 
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1 16. A sensor assembly, comprising: 

2 a wireless master sensor station, including: 

3 a transceiver for transmitting and receiving information 

4 including a directional antenna; 

5 a control module coupled to the transceiver for monitoring and 

6 controlling the operation of the wireless master sensor 

7 station; and 

8 a sensor module coupled to the control module for sensing 

9 conditions and generating signals representative of the 

10 sensed conditions; and 

11 one or more slave sensor stations operably coupled to the wireless 

12 master sensor station, including: 

13 a sensor module sensing conditions and generating 

14 signals representative of the sensed conditions. 

1 17. A twisted pair sensor station, comprising: 

2 a sensor coupling module for coupling the sensor station to a wireUne 

3 connection; 

4 a control modvde coupled to the sensor coupling module for monitoring 

5 and controUing the operation of the sensor station; and 

6 a sensor module coupled to the control module for sensing conditions 

7 and generating signals representative of the sensed conditions. 

1 18. A sensor assembly, comprising: 

2 a plurality of twisted pair sensor stations operably coupled to one 

3 another, each twisted pair sensor station including: 

4 a sensor coupling module for coupling the sensor station to a 

5 wireline connection; 
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6 a control module coupled to the sensor coupling module for 

7 monitoring and controlling the operation of the sensor 

8 station; and 

9 a sensor module coupled to the control module for sensing 

10 conditions and generating signals representative of the 

1 1 sensed conditions . 

1 19. A picoceU base station, including: 

2 a first cellular transceiver including a first antenna; 

3 a second cellular transceiver including a second antenna; 

4 a third cellular transceiver including a third antenna; 

5 a radio transceiver including a radio antenna; 

6 a control modxile coupled to the first, second and third cellular 

7 transceivers and the radio transceiver; 

8 a first wireHne interface coupled to the control module; 

9 a second wireUne interface coupled to the control module; and 
10 a third wireline interface coupled to the control module. 

1 20. A picocell, including: 

2 a first group of wireless master sensor stations adapted to coUect and 

3 transmit data; 

4 a second group of wireless master sensor stations adapted to collect 

5 and transmit data; and 

6 a picocell base station coupled to the first and second group of wireless 

7 master sensor stations adapted to receive the data from the 

8 wireless master sensor stations and transmit it to an external 

9 device. 
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1 21. A seismic acqxdsition system, comprising: 

2 a plurality of rows of picocells, each picocell adapted to collect and 

3 transmit data; and 

4 a controller coupled to the picocells adapted to control and monitor the 

5 picocells and receive data from the picocells, 

1 22. A method of communicating information between a base station and a 

2 plurahty of sensors in a seismic acquisition system, comprising: 

3 dividing the sensors into first and second groups of sensors; 

4 transmitting information from the base station to the first group of 

5 sensors using a first communication channel; 

6 transmitting information from the base station to the second groups of 

7 sensors using a second communication channel; and 

8 transmitting information from the base station to the first and second 

9 groups of sensors using a third communication channel. 

1 23. A method of transmitting packets of information from sensors to a base 

2 station in a seismic acquisition system using a communication channel, 

3 comprising: 

4 dividing the communication channel into a plurahty of time slots 

5 including time slots for each of the sensors; 

6 wherein each sensor time slot includes time slots for transmission of 

7 the sensor identification, the sensor status, the information 

8 packet number, the information, and error detection information 

9 for the transmitted information. 

1 24. A seismic acquisition system, comprising: 

2 a plurahty of rows of picocells for collecting and transmitting data; 

3 a plurahty of mxdtiplexers coupled to the rows of picoceDs; and 
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4 a controller coupled to the multiplexers and the picocells for recording 

5 the data, and monitoring and controlling the picocells. 

1 25. A seismic acquisition system, comprising: 

2 a first pico cell for collecting and transmitting data; 

3 a second pico cell for collecting and transmitting data; 

4 a multiplexer coupled to the first and second pico cells; and 

5 a controller coupled to the first and second pico cells and the 

6 multiplexer for monitoring and controlling the picocells and 

7 collecting and recording the data. 

II 26. A seismic acquisition system, comprising: 
ig a plurality of pico cells having data storage; and 

a controller coupled to the pico cells. 
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SEISMIC TELEMETRY SYSTEM 

Abstract of the Disclosure 

A system for remotely controlling, acqxiiring and monitoring the 
acquisition of seismic data. The system includes remote equipment for 
5 collecting seismic data and for transmitting and receiving communication 

signals to and from a remote location. The system also includes local 
equipment for transmitting and receiving communication signals to and from 
the remote location. In this manner, the collection of seismic data at remote 
locations can be controlled and monitored locally. 
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